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Preface

!! w The objective of this study is to establish the capability of the
Nielsen store separation and trajectory program to predict off-body
store loadings. The Nielsen program was developed in the early 1970's

and was designed specifically to handle the store trajectory problem.
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In order to establish the program capabilities, a computer model

VAT,
A S

of an advanced fighter design was generated. The specific model was

"A

chosen because it had been extensively studied in a wind tunnel and
aerodynamic data were available for comparison.

A secondary objective is to consolidate, as much as possible, the
theory required to understand the program and provide the aircraft
computer model for future study. Theory notation was a problem because
the theory was developed in three reports with the same symbols used

ff? for different quantities in different reports. For this reason a
notation section is included for those paragraphs where clarification
is required.

The computer program is not included in this report; however, the
basic program, with no changes, was used for the analysis.

I would Tike to express my sincere gratitude for the assistance
I received during the course of this study. My primary independent
study advisor, Major Michael L. Smith, AFIT/ENY, provided the advice
and guidance which allowed me to complete the work. I owe a special
debt of gratitude to Mr. Richard Dyer, AFWAL/FIMM, who was the sponsor
of the study. I also owe special thanks to Mr. Bart Heath, AFWAL/FIGC,

who provided technical guidance on the use of the computer program.
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Abstract

An advanced fighter design is modeled using the Nielsen store
separation and trajectory program with the non-circular fuselage cross
section option. The theory required to build the computer model is
consolidated for better understanding, with the major points refer-
enced to the appropriate report. The details of the process ts gener-
ate the computer model are described. The computer model of the
aircraft and ogive store is used to predict store forces and moments
which are compared with wind tunnel results on the same configuration.
The prediction accuracy, at Mach number 0.6, at a store position of
three store diameters away from the aircraft, is within ten percent
of experiment in the region of interest, which is the area under that

portion of the fuselage occupied by the wing.
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I. INTRODUCTION

The analysis of what happens to a weapon when it is released from
an aircraft is a major concern in weapons deve]opmenf. The weapon must
separate from the aircraft without structural interference and it must
then follow a predictable path to impact. The prediction of the sep-
aration and the initial weapon path is the problem to be addressed. |
The solution to the problem requires that the forces on the weapon be
known. These forces, and the equations of motion predict the path the
weapon will follow.

A computer prediction method was developed by Nielsen Engineering
and Research, Inc., under contract to the United States Air Force.

The work was done during the period 1968 to 1972. The final result was
a method for predicting the six degree-of-freedom store separation
trajectory at speeds up to the critical speed.

The procedure was developed in three stages. Stage one was a
three-degree-of-freedom theory (Ref 1). Stage two was a six-degree-of-
freedom program which modified the three-degree-of-freedom program
(Ref 2). This second stage included a users' manual for the computer
program (Ref 3). The final stage extended the original six-degree-of-
freedom approach to handle more general configurations (Ref 4,5).

The final program can model a wing with twist and camber. The
wing may have leading and trailing edge sweep, and dihedral. These

parameters may vary along the span. Pylons and racks can be modeled

DRSSP, TP - . el e e e e taal be o aaw
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although the connectors between store and rack are not modeled. Up to

ii% ten stores may be included, either in multiple ejector rack (MER) or
triple ejector rack (TER) configuration. The store is modeled as a
body of revolution with planar or cruciform empennage. The store is
non-powered, but may be given an initial velocity and orientation. The
fuselage cross section can be noncircular, but it must have a vertical
plane of symmetry. Air inlets may be included and the ratio of the
velocity in the inlet to the free stream velocity can be specified.
The aircraft must be operating at constant velocity with zero yaw angle
and constant angle of attack. The computer program uses a constant,
preselected, atmospheric density. This does not restrict the flight
path to horizontal only, but the density does not change.

The objective of this report is to validate the Nielsen program

- by applying it to an advanced fighter design. The store to be separ-

i ated is a generic store with known characteristics. The fighter and
store have been aerodynamically tested in a wind tunnel and these data
are used to compare to the computer results.

In the process of building the computer model it was noted that
the theory for the model was contained in three different reports.
This made the theory very difficult to follow. As a consequence, the
theory has been consolidated with each section referenced to the
original report. Only those sections essential to the construction of

the computer model are included in detail.

............................



The details of the aircraft, store and wind tunnel test conditions

ii iﬁ% are given in Appendix A. For simplicity and data matching, only the

3 aircraft and two stores were modeled. No pylons or racks were included.

The aircraft is an advanced fighter design with a non-circular fuselage

Ii cross section including flow-through engine inlets. The stores were

identical. The store body was a circular cylinder with an ogive nose
and cruciform empennage. The computer models were used to generate

ii force, moment, position, and relative velocity data on one store which

;2 was placed at various positions under the fuselage. The trajectory

;{: option was not used.

- At Mach numbers 0.6 and 0.9, one store was placed approximately
three store diameters below the fuselage centerline and moved from a
position under the fuselage nose to the tail. At Mach number 0.6, the

P store was placed three feet to the right of centerline and moved from

g nose to tail. The final position was approximately one store diameter
below the centerline. For this case the Mach number was 0.6 and the

position was varied from 37.22 feet behind the aircraft nose to the

tail. One store remained on the centerline and flush with the fuse-
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lage.

The data obtained were compared with wind tunnel values on the
same configuration. The primary region of interest for store position
Q was the area under the fuselage in the range occupied by the wing. At
i! Mach number 0.6 with the store positioned three diameters below the
9
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fuselage centerline, the predicted results were within ten percent of
experimental. Accuracy decreased with lateral movement under the
fuselage. The prediction error was 20 percent or greater when the
store was moved to a position one store diameter below the fuselage

centerline.
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II. THEORY-NIELSEN PROGRAM

- The three principal tasks in the prediction of a store trajectory
are: first, the determination of the nonuniform flow field in the
neighborhood of the ejected store; second, the determination of the
forces and moments on the store in this flow field; and third, the
integration of the equations of motion to determine the store
trajectory (Ref 1:1).

Compressibility Correction (Ref 1:4-5)

Nomenclature:
¢ - potential function in compressible space
Y 2 2 2 2 2
$yx? ¢yy’ $,2 a°¢/ax* , 3%¢/ay* , 3°¢/3z
Xs¥Ys2Z - coordinate system in compressible space

x',y',z' - coordinate system in incompressible space

It is assumed that the flow field for compressible subcritical

flow is governed by a perturbation potential ¢ which satisfies

2
(1M %oy + by *+ 05,

=0 (1)
The flow field represents a wing-fuselage combination moving at M_
with a fuselage angle of attack of og- The x, y, z coordinate system
is fixed in the fuselage, see figure 1.

The wing fuselage combination is transformed to an equivalent

incompressible one. The incompressible flow field for the equivalent

...........................




body is determined, and then transformed back to the compressible space.
The following transformation is used from the compressible space

(x,¥»,z) to the incompressible space (x',y',z'):

x' = s ¥'zy 5 2'=2 (2)

X
M7

Mathematical Models for Determining Flow Field

A1l of the models described are for the equivalent incompressible
configuration, although the primed notation has been dropped. This
configuration is determined by the program from the input of the
actual aircraft dimensions (Ref 4:2).

Fuselage Potentials (Ref 4:4) The model of bodies with non-cir-

cular cross section is based on the equivalence rule which states that

the following conditions hold for a general slender body (Ref 6:107-110):

a. Far away from a general slender body, the flow becomes axi-
symmetric and equal to the flow around the equivalent body of revolu-
tion.

b. Near the general slender body, the flow differs from that
around the equivalent body of revolution by a two-dimensional constant
density crossflow part that makes the tangency condition at the actual
body surface be satisfied.

The outer axisymmetric flow is given by the potential 9 which is
associated with an equivalent body of revolution. This equivalent body
of revolution is axisymmetric, with the same cross sectional area dis-

tribution along its longitudinal axis as the actual body.
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The inner flow is represented by a two-dimensional potential ¢2
A which in the 1imit (outer) becomes [Ux(x)/Zan]S'(x)ln r. The total
velocity in the axial direction x of the body is Ux(x). The rate of
change of the cross sectional area S with x is S'(x). The radial
distance from the body centerline is r, see figure 2.

A solution valid for the entire flow field is given by:
U (x)
0c(rs8) = 4g(r) + ¢, (r,0) - zy—S'(x) In r (3)

The potential %a and ¢2 are determined independently. The
potential %e of the equivalent body is determined from flow modeling
of a body of revolution at zero angle of attack with the same cross
section area distribution as the actual body. The inner potential ¢2
is determined in the crossflow plane and satisfies the flow tangency
condition on the actual body contour.

Outer Potential - ¢_ (Ref 1:9-12)

Nomenclature:
fp = body length

Qk - strength of point source

*_ Q/4ma2V
Qk - Qk/ ﬂlR ®
r*- r/zR

U - axial velocity

U* - UV,




-----
............

o Vr radial velocity
L Vv,

" Xy x location of kth point source
_ X X/
* B;  body slope at the jth point on the surface

stream function

2
vE /v

The potential %a itself is not calculated, although the pertur-
bation velocity field can be determined by knowing the strengths and
distribution of three-dimensional point sources along the body longi-
tudinal axis.

The stream function y and the axial and radial velocity components,

U and V., respectively, are given by (Ref 8):

1 + (x*-x*, )
0.* k (4)

[ e

p¥*(x*,r*) = %r* -

k=1 K [(x*-x*)2 + r2]d
N (x* = x *)
1 dy* k
urer,en) = B 40 Ly Y g
r* dr k=1 k [(x*_xk*)z + r.*2]3/2 (5)
N Q, *r*
_ 1 dy* K
v * x*’r* T
Ak A [(x*-x )2 + rx2] 32 (6)

............
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R is a reference length which will be taken as the length of the body
(figure 1). U and V. are due jointly to a free stream velocity V_
aligned with the body axis, and a series of N point sources distributed
along the body axis.

The quantities Qk* and xk* are the source strength and location,

respectively, of the kth

point source and the point (x*,r*) designates
the field point in cylindrical coordinates.

The flow field about the axisymmetric body is obtained by imposing
three conditions on equations {5) and (6). These velocity equations
are used to calculate the source strengths rather than the streamline
equation because they were found to give a better shape representation.
This is due to the fact that they require both body ordinates and
surface slopes for their solution.

The first condition requires the flow directions at (N-2) points
(XE’ rg), j=1,...,(N-2), be specified by angles Bj with respect to the
positive x*-axis:
se ey (N=2) (7)

The locations (xg,rg) where the flow angles B. are specified lie on

J
the surface of the axisymmetric body being represented and the values

of tan Bj correspond to the local body surface slopes dr*(x;,r})/dx*.
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Writing equation (7) in terms of equation (5) and (6) and rearrang-

ing them gives a set of linear aigebraic equations in Qk*'s.

N rg - tan Bj(xg - xk*)
tan 8, = ] Q* 3/2 (8)
Ik

2
[(xg-xk*) + rg‘]

The second condition is that the sum of all the source strengths
be zero.

* =0 9
kzlok (9)

This insures that the surface described by ¥*(x*,r*)=0 will be a closed

surface.

The third condition is the existence of a stagnation point at the
body nose. U*=0 at x*=r*=0. Substituting this into equation (5), the
third condition becomes

*
N Qk

k=1 xk*

Since the sources are distributed along the positive x*-axis only, the
forward tip of the body is positioned at the origin and the y*=0 surface
is the body surface.

When the N source positions, xk* are selected, equations (8), (9),
and (10) comprise a set of N linear equations in N unknown Qk*. Once
Qk*'s are solved for, equations (5) and (6) can be used to determine the

perturbation velocities at any point in the flow field around the body.

10

i B a0 o B conril e . omen ol B T




Inner Potential - % (Ref 4:4-18) The inner potential ¢, is

composed of higher order singularities given by polar harmonics and a
two-dimensional source term:

MH a cosno . Ux(x)

¢2(r,e) = ??V:f' S'(x) Inr (11)

n=1 r(e)

where MH is the number of polar harmonics. This assumes flow symmetry
about the vertical x-z plane. Side slip is not considered. Two-
dimensional polar harmonics are described in greater detail (Ref 7:
40-48, 55-59).

Polar harmonic solutions are obtained at a number of crossflow

plane stations along the body longitudinal, x, axis. The x range is
E: the range over which the local flow needs to be calculated. At each
crossflow plane station, a number of control points are distributed at
!! {%: equal angular spacings in 6 on the body contour over the range, 6=0°
- to 8=180°, see figure 2.

The flow tangency condition is applied at the control points re-
sulting in a finite set of simultaneous equations in terms of the

unknown polar harmonic coefficients.

URSUDUCS SRR
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bi To apply the flow tangency boundary condition a coordinate system
S is set up at each control point, figure 2. The system is set up such
ki that v is in the direction normal to the contour and t is tangential
i; to the contour. Figure 2 shows unit vectors associated with those

8 directions. It is assumed (Ref 6) that the shape of the body surface
-

:
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can be expressed as:

F(x,vst) = 0 -2<x<0 (12)

where ¢ is the body length. The unit vector normal to the body surface,

not the contour, at the point is given as:

- _grad F
& = Torad FT (13)

where

S g g L o
grad F= X ex * v ev + oT et (14)

Let the free-stream velocity, which does not have to be uniform, and
the perturbation velocity vector be denoted VQ=VQ(X,v,T) and am=5m(x,
v,T), respectively.

The flow tangency boundary condition can now be written in the
(x,v,T) system

[vm(xs\’sT) + aw(xs\ht)]'én =0 (15)
Expanding V_, q_ in terms of their components in the x,v, and «
directions results in
Vw(x,v,r) + aw(X,V,T) = (Ux + ux)éx + (UV + uv)év
P QU +u)E (16)
Substituting equations (13), (14), and (16) into the boundary
equation (15) gives

(ux+ux)g—§ +(Uv+uv)g—5 +(UT+uT)g—5—=0 (17)

12
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This equation represents the nonlinear flow tangency condition for any
body situated in a non-uniform flow.

Equation (17) will now be simplified with no loss of generality.
The unit vectors én and Ev at a point on the body surface lie in the
same longitudinal plane, see figure 2. Since év is perpendicular by

definition to éT, then én is also at a right angle to éT. Therefore:
e-e =0 (18)
Using equations (13) and (14), equation (18) becomes:

(Fg +2Es . F g)e =0 (19)
9X "X  3dv

Since F(x,v,t) is a constant and equal to zero on the body surface, it

does not vary with respect to the v direction

of _
i (20)

Taking the differential of F(x,v,t)=0

dF(x,v,1) = g—f( dx + %5 dv + g—f dr = 0 (21)

With equation (20) this becomes:

wC T & (22)

Substituting equations (20) and (22) into (17) gives.the nonlinear flow
tangency condition that must be satisfied at points on the surface of

a general body.

13
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[0, (x) + U (%0, 0T 2 = U (x) + u (x,9,7) (23)

The problem is to determine g% and then write Uv and u, in terms
of y and z components along the 6 and r directions.

An expression for dv/dx, the streamwise body slope will be de-
rived in accordance with the principles of Ref 6, see figure 3. The
body radius r and its derivatives with respect to 6 must be single
valued and continuous for a given value of o.

Vector v is perpendicular to and T tangential to the body contour
at x. Let av denote the change measured in the direction of v of the
location of the contour when going in a longitudinal plane from the
cross section at x to the one at x-ax, see figure 2 for definition of
x direction. The slope of the body in the longitudinal plars is

Qﬁéﬁl = lim A!%%l (24)
ax-+0
This body slope is approximated by

dv(e) _ ar(e)cos
dx ° AX (25)

ar(e) = r,_,,(8) - r (o)

From figure 3, angle ¢ between the normal v and the radial direction r

can be expressed in terms of the contour slope m and the polar angle 6:

$=m-0- %- (26)

14
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The body contour shape m(O<m<2x) is found from

Ay dr(e

- - sine + r(6)cosse
m = 1im tan 1 —%% = tan’! dree (27)
A8+0 6 g COs® - r(e)sins

The velocities Uv(x), uv(x,v,r), equation (23) will now be
written in a more useful form in terms of the free-stream components
V(x) and W(x), and the radial and tangential perturbation velocities

ur(r,e) and ue(r,e).
U (x,r,6) = W(x) cos (m--’zr-) + V(x) sin (m--g-) (28)

W(x), V(x) are the free-stream component contributions in the v

directions, see figure 4.
u,(r,8) = u.(r,e)cosfe-(m - )] - u,(r,6)sin[o-(m - 7)](29)

The inner potential ¢2 is the potential that satisfies the flow
tangency condition on the actual body surface. This assumes that the
effects of the other two terms in equation (3) cancel one another on
the body surface. This condition holds true on the surface of the
equivalent body and is satisfied approximately on the actual body
surface. For the cases studied in Ref 4, the inclusion of the other
two terms had a small effect (Ref 4:11). The effects of only the inner

potential ¢2 will be considered in the boundary condition.

15
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The perturbation velocities in equation (29) are related to the

r{u Yo crossflow or inner potential ¢2 by:
2 Uy 3¢ (r,e)
—m (r’e) = ar
ue(r‘.e) -1 3¢2(V’o9) (30)
v, r(e) 28

Differentiation of equation (11) gives:

_u_r_, (r.0) = MH na cos e . Ux(x) $*(x) (31)
v, n=1 r"+1(e) 2nV_ r(s)

u MH na_sin_6

(o)== [

® n=1 r" ~(8) (32)

Substitute equations (31) and (32) into (29). Using this result and
equation (28), the flow tangency condition given by equation (23)

becomes:

U, (x) dv(e)=%l_(1)_cos(m ) %) N

v, dx
U (X) < MH na_cos o
X St{x n"""n m
{—vam o) T L Ty o ]cos [o-(m - )] (33)

MH nansmne

+ nzl m sin [6-(m - %)]

16
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The perturbation term ux(x,v,r) is omitted since it is small
compared to Ux(x). The rate of change with x of the body cross-section-
al area S'(x) can be written in terms of the equivalent body radius and

thus the source term in equation (33) can be written

Ux(x) S'(x) _ Ux(x) 1 U, (x) dReq (34)

x 77 =X 4 (nR2 ) = 2R
2wV r(e 2wV r(e) dx eq v r{e) "eq dx

where Re is the radius of the equivalent axisymmetric body.

q
Equation (33) is rewritten by transposing and factoring terms and
is applied at MC control points. The result is a set of MC flow

tangency equations in MH unknown polar harmonic coefficients a,

MH na_ i
nzl ;ﬁ;iz;;; {- cos ne, cos [ei-(mi - 3)] (35)

U, (x) dv(e,
+ sin ne; sin [ei - (mi -.%)1}}= c x) dx1) - %ﬁilcos(mi--%)

U (X) ¥
i 2:(rvw 3(3’3 cos [8;-(m; - 7)]

i=1,2,...,MC , MC<MH

The problem now is to find the best possible values for a set of
unknown 95855 - Ay for a set of MC linear equations. Instead of the
exact solution of MH=MC, a set of MC equations will be satisfied in

the least-square sense. Minimize the quantity

17
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E= § 62 (36)

where 612 represents equation (35). (Equation (35) [A]=[B], [A] - [B]
= 61) Using the procedure (Ref 9:177-178) to minimize E by setting

the partial derivatives equal to zero.

3E 3E 3E

s ,-35: s eees 35;; (37)
and letting
b= e mm by (38)
gives the result
%? ja %f i cosjeic?swi + siqjgisin¢i n
=177 A ;) "™l(e,) (39)

(-cos ne. cosy; + sin ne, sin wi)

MC jU_(x) dv(s.)
g W
= 1 [ v ey = cos(m; - 7)
,‘ i=1
E-'* Ux(X) sl X n . .
. "2V v(e,) O5 Vi | meT,y (-cos ne; cos o, + sin ne; sin y,)
5 ® 1 r(ey)
n=1,2,...,MH
&
o
&
B
A
ks
18
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This represents a set of MH equations in inknowns s Ags.eesyy
which are to be solved simultaneously. The numbers MC and MH must be
specified, and their determination requires judgement. The choosing of
MC and MH will be discussed in detail in a later section, in which the
input to the trajectory program is determined. The details are in (Ref
4:15-18).

Fuselage Mounted Air Inlets (Ref 4:18-20) Air inlets include the

entire region from the mouth to the engine exhaust. The portion of the
inlet that is a solid boundary is treated as part of ¢2, the inner
fuselage potential.

In the section where the contour is not a solid boundary, figure 5,
the body slope boundary condition used in the polar harmonic calculation
is determined in a different way. The inlet is first considered to have
a solid boundary. Control points are laid out on the range 0°<6<180° of
the crossflow contour. With each control Poiz;_i§ associated a stream-
wise body slope and upwash if angle of.attack is considered. For the
control points lying on the contour which is not a solid boundary the
streamwise slopes e3 depend on the inlet to free-stream velocity ratio,
designated VD/Vw. For VD/VQ=1, streamlines are parallel to the axis of
the inlet, and for lesser values they point downward. To account for
the change in streamline direction caused by blockage, the streamwise

slopes calculated for the solid boundary to give
|

v
9 = (1 - _D_) d\)ge! (40)
3 vV ' dx

solid boundary

19
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The term Q%éﬂl in the flow tangency condition in equation (33) is
replaced by ea. The rate of change of cross-sectional area S'(x) must

also be determined. For a VD/V¢=0°5 only one half of the inlet cross-

g T

sectional area is added to the fuselage. This adjusts the area dis-
tribution to reflect the inlet velocity ratio.

The outer potential 8o is also adjusted to reflect the inlet
velocity ratio. Its cross-sectional area distribution is modified by
excluding a portion of the inlet area based on VD/Vm.

Wing-Pylon Flow Model (Ref 4:20-24) The fuselage is first repre-

sented by the potential flow methods previously described. The influ-
ence of the fuselage on the exposed wing panels is then determined.
This is done by a vortex lattice with unknown vortex strengths which is
laid out on the exposed wing panels and pylon. An image vortex lattice
R of the wing is constructed inside the fuselage. The wing-pylon loading
- is computed in terms of the vortex strengths with the inclusion of the
fuselage influence on the exposed wing panels and pylon. The inclu-

sion of the image vortices inside the fuselage approximately satisfies

the condition of no flow through the surface and accounts for nearly

.

x all of the wing-fuselage interference. The crossflow plane theory for
} .':

;! the imaging scheme is described in (Ref 4:20-23) and (Ref 9).

;? The vortex lattice is set up only on the portion of the wing out-
k.o

'3 side the equivalent body of revolution for the noncircular fuselage.
;3 If the body of revolution radius varies over the region of influence
i. of the wing, the maximum radius is used. Each horseshoe vortex that
-

4
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is outside the body of revolution is then imaged inside. Velocities
normal to the equivalent body are exactly zero in the wing chordal plane
and are very small at all other locations on the body of revolution sur-
face near the wing-body junction. For noncircular bodies the actual

fuselage surface is generally close to the equivalent body surface so

that to a good approximation the same conditions hold for the actual

fuselage surface.

gi Vortex Lattice (Ref 4:20-25) Figure 6 shows the vortex lattice

arrangement. The wing panels and pylons are divided into trapezoidal

ﬂ@f area elements. A horseshoe vortex is placed in each area element such
that the spanwise bound leg lies along the element quarter chord and
its trailing legs along the sides of the element. The trailing legs

lie in the plane of the area element. The area elements in each chord-

r . wise row have equal chords and spans. In the spanwise direction, the

h area element width need not be equal to allow for closer spacing where
large spanwise loading gradients exist. For a wing with breaks in
sweep and/or dihedral, the area elements are arranged spanwise so that
the breaks lie on the line formed by one of the sides of a chordwise row
of elements. The wing-pylon junction is also made to lie aleng a common
boundary between two adjacent rows of elements. On the wing, the flow
tangency boundary condition is applied at a set of control points given
by the midpoint of the 3/4 chord line of each area element located in

the wing chordal plane. This is the planar approximation. On the
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camberless pylon, the flow tangency condition is applied at control
points situated in its chordal plane determined by halving the thick-
ness envelope.

Figure 7 illustrates the boundary condition. The velocities
normal to the wing consist of a component of the free-stream, pertur-
bation velocities u, v, and w induced by the wing-pylon horseshoe

vortex system, and perturbation velocities Uis Vyo and W induced by

j
the distribution of sources accounting for thickness superimposed on
the vortex lattice. This thickness distribution will be well described
in the next section. With M control points on the left wing panel and

MP on the left pylon, the boundary condition on the left wing panel

is given by
M rn
y [(F + F. Jcosp - (F +F, )sing ]
n=1 4nV_ wv,n 1wv,n v Vv,n 1v\,,n v
M+MP rn ( (1)
+ +—— (F. cos¢p ~-F sing_) 41
neM1 41er wv,n v v\“’n v

U. W.
14V . T4V T4V

= (ata, )cos¢ + —— sing - (x> + —2-)cos¢

[} v v v v 2\) v

v [+ ] v@

With the camberless pylon at zero incidence, the pylon boundary

condition is written for MP control points

22

e awimsesdolivasmdonammrde LA—J




v
t

B A

.

a3

~ ey

5 ol il o i At " T
.-'ZS ) ‘."._‘,_'-_'-.‘-“{“-" o 3

‘__
t. A' I
P

--------

r MHMP T Vi,
o f TV (42)

1
ne1x
3
——
-
+
-n
St

von Voo n=h+1
v = MHL ME2,... MHMP

The wing angle of attack is a and @, is the local angle of attack
due to wing camber and twist. Both angles are assumed small.

The right-hand side of equation (41) represents the free-stream
component and the externally induced perturbation velocities normal to
the wing chordal plane. The right-hand side of equation (42) consists
only of an external perturbation velocity normal to the pylon chordal
plane since there is no pylon incidence. The first summation on the
left-hand side of the equations represents the perturbation velocities
induced by vorticity on the left and right wing panels. The second
summation represents the velocities induced by vorticity on the left
and right pylons.

The functions Fu’ F , F , are influence coefficients relating the

v W

perturbation velocity components, induced at some point by a horseshoe
vortex, to its circulation, and the coordinates of the point relative
to the vortex. Functions Fiw and Fiv relate the perturbation velocity
components, induced at some point by a wing image horseshoe vortex, to
its circulation and the coordinates of the point relative to the

bound-leg midpoint of the image horseshoe vortex.
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Using the Biot-Savart Law (Ref 11:156-160) the perturbation

velocities induced at a point by a horseshoe and image horseshoe vortex

are

M “v"""a‘ A OMEAT R S SRS
S . P L L [
.

T
T [Py (XaYsz,8,000) + Fy (0552085005504, )]

u(x,y,z)

r
V(%,¥52) = g [F (%,y,2,8,050) + Fo o (X,y,2,5, 005 00,.)]

Wix,y52) = o [F(.5,2,5,9,0) + Fiw(XsYsZss5 0050000 )] (43)

The influence functions depend only upon the coordinates (x,y,z)

of the point at which the velocity is to be computed relative to the

- horseshoe vortex/image haorseshoe vortex, the vortex span, s, the image
g vortex semispan Siu’ bound-leg sweep angle vy, Yiy® and dihedral angle
¢’¢iu' The analytical expreséions for the influence coefficients are
given (Ref 2:12-14), and are subject to equation (13), (Ref 2:14) to
account for the images of the horseshoe vortices laid out on the right
wing panel.

Equations (41) and (42) represent a set of M + MP simultaneous

~ -y b o R el o AN
[ SR a3

equations in which the unknowns are the M + MP values of circulation

strength . These can be solved for a given angle of attack, twist or

-y
|

camber distribution, and a specified set of externally induced pertur-

. |

bation velocities ui/Vw, vi/Vm, and wi/V°° caused by wing and pylon
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&’

BAS |

LAl

24

A < R

E RPN .




&
LR VR

S
;
..
‘.-
9
)
L

3

X -

-------

.........

thickness effects and from other aircraft components such as fuselage,

rack and stores.

Thickness Model, Wing and Pylon (Ref 4:25) Wing and pylon thickness

are accounted for by laying out thickness strips on the exposed panels.
These strips are made of a three-dimensional source distribution.

The three-dimensional source method is similar to that used by
Fernandes (Ref 12). Figure 8 and 9 show the coordinate and angle sys-
*em for the wing and pylon.

The incompressible velocity potential due to a surface of sources,
with chord |X.-X | and span IYb'YaI’ on the wing may be obtained (Ref 6;
Ref 13).

8 _ 1 IXa JYb tan ot Xm le
o 2y LR (102 + (2077 (44)
b b
for a surface located at Zl=constant and local incidence angle ¢t
measured from the positive x direction. The integration is performed
over the span and chord of the surface and coordinates X, Y, Z locate
the field point at which the velocity potential is determined. The
integration is simplified and performed. This gives a¢/V_ for one
strip. This is differentiated to give the perturbation velocities due
to one thickness strip. The same method is applied to the pylon (Ref 2:
15-20)
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the wing and pylons are computed at the control points associated with
the vortex lattice area elements on the wing-pylon combination. The
velocities are obtained by adding the result of summing equations over
all wing source strips to the result of summing equations over all pylon
source strips. The final sums are then added to the set of externally
induced perturbation velocities that appear in the flow tangency bound-
ary condition. All interference effects induced by the wing on the
pylon and vice-versa are accounted for and will be reflected in the
resulting circulation strength distribution on the wing-pylon combina-
tion (Ref 2:15-20).

Store and Rack Flow Models (Ref 4:26) The store model uses the

same technique as the axisymmetric fuselage model. The model accounts
only for the volume distribution of the axisymmetric body, by a dis-
tribution of three-dimensional point sources along the longitudinal
axis of the store.

The rack model is approximated by an axisymmetric body with three
short pylons attached. The body is modeled by a source distribution
while the short pylon is neglected (Ref 2:20).

Force and Moment Calculation (Ref 4:26-27)

Calculation of the forces and moments on a store requires speci-
fication of the nonuniform velocity field in which the store is

jmmersed. This field, as seen with respect to the store, must be
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determined at each point in time. The field includes the free-stream
velocity, the perturbation velocities induced by the parent aircraft
and the angular velocities due to the store's pitch, yaw, and roll
motions. The velocity distribution along the body axis is required
to calculate the body forces, and the velocity distribution over the
tail fin surfaces is required for the empennage forces and moments.

Velocity Field (Ref 2:21-26)

Nomenclature:
P.q,r - rotational velocities about x,y,z axes
r - radial distance in y-z plane
Ug sV oW - sum of all perturbation velocities
Ups . x> Veos W o~ free-stream velocity components as seen
? 24 ’>® by store, figure 10
Us’vs’ws - total velocities as seen by store
X m - x location of store moment center
9
EsNsL - inertial coordinate system fixed in

fuselage nose, positive forward along
longitudinal axis, positive laterally
to the right, and positive vertically
downward
The Xos Ygs Zg coordinate system to be used is shown in figure 10.
The coordinate system is fixed in the store, with the origin at the

store nose. The velocities US,VS,Ws are total velocities as seen by a

point on the store and each is composed of three components: free-

stream, perturbation due to parent aircraft, and damping due to store

motion.
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u_.=1u + U
3 ©S 3 X s
- - (45)
Vs - Veos,yS gt r(xs xs,m)
Wy = woos,zs Towg q(xs'xs,m)

A reference system must now be established to represent the
equations of motion used in the trajectory calculation. Figure 11
shows the g,n,z system which is an inertial system fixed in the air-
craft which is in rectilinear flight at uniform velocity. The positive
¢ axis is forward along the fuselage longitudinal axis, the n axis is
positive to the right, and the ¢ axis is positive downward. The
origin is fixed in the nose of the aircraft.

In figure 11, the origins of the two systems have been drawn to
coincide in order to show the angles used to determine the orientation
of the store with respect to the inertial (&,n,n) axis. The Euler

angles relate the two coordinate systems (Ref 14:100-103).

y (46)

with A given by equation (28)(Ref 2:22).
For a parent aircraft moving at velocity V_, and flying at angle

of attack Ggs the velocity of the inertial coordinate system relative

28
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to a point in space is

U =V cosace, + szinaféC (47)

g

The velocity of the store moment center relative to the moving inertial
system is

+ LX) + L X 3
£ ne  + ce, (48)

The velocity of the store relative to a point in space is

VoosV_+ ¥ (49)

Since the velocity components needed in equation (45) are with
respect to a point fixed in the store and moving with the store,

equation (49) becomes

sz = - (Vmc05af +g)e£ - ne, (50)

- (Vmsmaf +c)e;

The components in the x,y,z coordinate system of figure 10 are then

U”s,xT - (V_cosag +i)
Vos,y | = [ATT |- & (51)
_w”s,z L= (V sinag +2)]
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where

Uog x = 'U“s,x (52)

“S,¥g  =S»Y

-
]
]

It is essential to remember that the second term in each equation,
equation (45), is comprised of the perturbation velocities induced by
the fuselage, wing, pylon, rack, and other stores. These velocities,
determined in the previous sections, apply to the equivalent incom-
pressible configuration. At each point in the trajectory the points
at which the velocities are required must be located in the incompres-
sible space. The velocities calculated using specific equations for
each component are defined in the coordinate system of each component.
Prior to transforming these back to the compressible space they must be
summed in the fuselage coordinate system since this is the coordinate
system in which the compressibility correction was applied (Ref 4:26-
27). This is the (g,n,z) system of Figure 11.

Let ué,v;,wi be the sums in the £,n,z directions. From the

section on compressibility correction

ué v; w&
UE'-'_T,V:"'E",W:‘— (53)

LA
w
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The velocity components in the x,y,z direction of figure 10 are

- - - -

u | g’
v|°© [A]T v
n (54)
W _ wc.l

and finally, the components in the coordinate system of figure 10 are

U= -U,V_ =V , W = -W (55)

The velocities to be used in the force and moment calculations
are nondimensionalized by the store free-stream velocity. Thus, equa-

tion (45) becomes

S
U =g>==Vr  +u* (56)
S sz SsX S
v r
v =S sy +v x4+ s xs,m)
s ws  ©SsZg s Vs
W X =X
w * = _S_ = w* +w * 4 E(_S_Sim_)
S 5,2 S v
©g 3 ®g
where from equation (49) or (50)
Vo = [(V_cosag + £)2 + 2 + (V_sinag +£)21% (57)

At any point in time during the trajectory, the forces and moments

are determined by removing the store from the flow field, determining
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the velocities at a series of points which the store longitudinal axis

and tail fins occupied, and then immersing the store in this flow field.

Buoyancy Forces and Moments (Ref 2:27-29) The buoyancy forces and

moments are calculated with the assumption that the flow in planes

perpendicular to the axis of the store obeys Laplace's equation and

that the upwash and sidewash velocities vary along the store length.

The potential is constructed on this basis, then integration of the

body pressures obtained from the unsteady Bernoulli equation yield

both the buoyancy forces and the slender-body forces.

The final

expression for the buoyancy normal-force coefficient is given by

equation (63) of reference 1.

The derivation is carried out in Ap-

pendix I of that reference with the final expression which contains

both buoyancy and slender-body terms given by equation (I-14).

The expression used to

BY

calculate the coefficients are

1)
s a2
‘0

L
s a2

‘0

dw

*
S
X de

S

(58)

dvs*
— dx
dxS S

(59)

The expressions for pitching moment and yawing-moment coefficients

with the moment taken about Xs m (see figure 10), are
]

(c,)

BY SRWR Jo

2
2n S 2 s
J (xs,m°xs) 3 Ix S

dW_*
dx (60)

S
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Slender-Body Forces and Moments (Ref 2:28) The slender-body forces

s
(xs,m’xs) a

n S (61)

0

and moments are derived in section 6.21 of reference 1. The expressions

are:
(c.) =21 (.0 d (.2, *)dx (62)
N SB SR o dxS s s
(c,) =42° IXS’° d_ (ay *)dx (63)
Y SB SR 0 EE; s S
_ 2n xs,o d 2
CRE Jo (xg iv%s) s (P4, (64)
_2r (%s,0 d ;.2
(c")SB SR%R Io (xs,m'xs) dx (a vs*)dxs (65)

The integrals above are assumed valid until the separation loca-
tion is reached. At that point, the viscous forces become important.
There are no definite rules for picking xs,o’ the upper Timit of
integration where the integrals are valid. However, the problem is
discussed in section 6.2, and 8.2 of reference 1. From that reference,
a formula is given which relates xs,o/ls’ which is the location on the

body where potential flow is no longer applicable, to Xg 1/25

X

X
S,0

ts

= 0.378 +0.527 _%;l
S
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value of x

of change of cross-sectional area.

$,0°
i Viscous Crossflow Forces and Moments (Ref 2:29-30) From the as-
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expressions
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CF

(c,)

3

CF

(c,)

=}

CF

where Vc*

is used in place of the slender body calculation. The
are derived in section 6.2.2 of reference 1.
2Cdc zs
T —— * *
SR ) a Vc ws dxS
$,0
2Cdc L
= R *
SR X a lc vs dxs
s,0
Z —— - * *
O Ix (xs,m xs)a Vo> W ordx
$,0
chc zs
= —— - * *
) (xg mXg)a Vc* Vg*dxg
R™R 5.0

(V)2 + (%21t

_ drag per unit length
Jeg 22
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This can be used to estimate the

where Xg 1/9.s is the location on the body of the maximum negative rate
9

sumed separation location to the base of the store a viscous crossflow

(67)

(68)

(69)

(70)

(71)

(72)
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Empennage Forces and Moments A method of calculating the forces

and moments associated with planar or cruciform empennages is presented
in section 5.3, reference 2. The details are not essential to the
construction of the trajectory program input and will not be presented

here.

Equations of Motion (Ref 4:27; Ref 2:33-38)

The complete derivation of the equations of motion of a rigid body
with mass and inertia asymmetries is presented in Appendix II (Ref 2:131-
145). Generally, a store body will have axes of geometrical symmetry
about which the store forces and moments are determined. By mass asym-

metry it is meant that the store center of mass does not have to lie at

'.‘v.'r-. — T’ o
: R . LR
o A A .
. l,- » l‘l.: & s

the origin of this coordinate system. By inertia asymmetry it is
meant that the principal axes of inertia of the store do not coincide

with the geometric axes of symmetry so that the tensor of inertia

OF R
3

=j§ possesses off diagonal terms, the products of inertia.

N The derivation of the equations of motion used two previously dis-
cussed coordinate systems, see figure 11. The x,y,z coordinate system
ijs fixed in the store and rotates with the store. The x-axis is posi-
tive forward, y-axis positive to the right, and the z-axis positive
downward. These axes coincide with the geometric axis of symmetry with
the origin at the point about which the moments and products of inertia

and the aerodynamic moments are calculated. The x,y,z coordinate system
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is used because the time derivatives of the moments and products of
inertia do not appear in the rotational equations of motion. The
equations of motion are given in Appendix II (Ref 2:136, 144) by equa-
tions (II-15) and (II-40).

The x,y,z coordinate system does not allow the store position
and orientation to be determined relative to the host aircraft. The
£,n,z system is.used for this purpose, with the assumption that the
parent aircraft is flying at constant velocity, constant angle of
attack, and constant flight path angle relative to the horizontal. The
gsn,¢ System can be regarded as inertial because it is non-rotating,
and the store motion relative to the moving system calculated.

The £,n,z system is fixed at the nose of the parent aircraft with
the g-axis positiv2 forward, n-axis positive to the right, and ¢ posi-
tive vertically downward.

The orientation of the store with respect to the g,n,z system is
accomplished through Euler angles ¥,0,% (Ref 14:100-107). The time
histories of these angles are determired by expressing them as store
rotational velocities p,q,r, see figure 11. The differential equations

expressing this are

¥ = (gsiné - rcoss)/coso
6 = (qcose - rsine) (73)
$ = p + qsind tano + rcosd tano
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These equations along with equations (II-16) through (II-18), and (II-
41) through (II-43) are the final differential equations which are to
be integrated to determine the store position and orientation relative
to the inertial system fixed in the fuselage (Ref 2:136-144).

In the equations, E,;,Z are the accelerations of the store moment
center in the inertial coordinate system. The velocities in this sys-
tem are £,n,z and the quantities io, 90, io are these velocities re-
solved into the store body coordinate system using [A]T, previously
defined. The location of the store center of mass relative to the
store moment center, in store body coordinates, is X, y, z. The rota-

tional velocities in the store body coordinate system are p, q, r.

I__ are the moments of inertia and I I

yy® “zz yz’?
are the products of inertia.

The quantities I I

XX? xz?

Ixy
The remaining parameters in the equations of motion are the store

M , M_. The forces

mass, m, the forces Fx’ F., Fz; the moments, MX, o M,

y
and moments act on the store and are positive in the positive x,y,z,p,

q,r directions.

-n
]

x - My = Qg SR Ca

-n
L]

y = My * Gug Sp Oy (74)

-n
|

z = M, ° Gug Sr Cn
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i where 9y gy, g, are the components of the gravitational acceleration

;i ‘Fﬁ, in the store body coordinate system (Ref 2:36). The second terms in
equation (74) are the aerodynamic forces acting on the store. The
axial-force coefficient, CA, is specified by the user and is positive

in the negative x direction. The sideforce and normal force coefficients,
CY and CN are calculated by the computer program using the methods de-
veloped in the section on force and moment calculation. The parameters
Qeog and SR are the dynamic pressure and reference area used in nondimen-

sionalizing the forces.

qoos ‘}Dmvmsz (75)

_ 2

The density q_ is assumed constant at the value for the aircraft
flight altitude at time t=0, and Vaog is given by equation (56). The
maximum store body radius is used for LI

The moments about the store moment center are

My = Guog SRQRCL + m(gzy - gyz)
My = Qug SRZRcm + m(gxz - gzx) (77)

M, = Qg SpipCy + m(g X - g,¥)
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The coefficients Cz’ Cm, Cn are calculated by the computer. The l

1f5 reference length n is the maximum store diameter

' = zamax (78)

The second terms in the moment equations are the moments produced by
the gravitational force when the location of the store center of mass
does not coincide with the center of moments.

The final specifications required before the equations of motion
can be integrated are the initial conditions. These are the position
of the store center of moments (£,n,z), the translational velocity of
this point (£,n,z), the angular velocity about the store axes (p,q,r)
and initial orientation angles v,0,¢. With these specifications the

- equations can be integrated with the aerodynamic forces and moments

being recalculated at each point in the trajectory. ‘

The mathematical model for determining the flow field around an
aircraft fuselage-wing combination and associated stores has been
developed. This model has been used to establish the forces and moments

on a separated store, and using these forces, the equations of motion

can now be integrated to predict the store trajectory.

——

L < SORONTACIM 104 I UINAAL

The equations and relationships have been programmed into a source
and trajectory program (Ref 5). The input for each of these programs

will now be described and developed.
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Figure 1. Coordirate System for an Axisymmetric Body
(Ref 4: 37)
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Figure 3. Streamwise Body Slope

(Ref 4: 9)
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(Ref 4: 10)
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ITI. NEILSEN PROGRAM APPROACH

The Neilsen approach uses two separate computer programs, a source
program and the trajectory program (Ref 5:4-8). The two programs are
used with no direct exchange of information during a run. The source
program does provide an input to the trajectory program, but the user
must provide the information exchange.

The source program is used to represent an axisymmetric body as a
distribution of sources along the axis of the body. This representation
is used for the fuselage, store, and pylon volume effects on the overall
flow field around the aircraft. The program calculates and prints the
source strengths and locations. These quantities are used as input data
to the trajectory program.

The trajectory program calculates the trajectory of the dropped
store by accounting for the effects of the other aircraft components on
the store, and integrating the equations of motion. The program con-
tains options to allow for a circular or noncircular fuselage, no
fuselage, pylons, racks, and up to ten stores. This report will deal
only with a noncircular cross-section fuselage, with one store on the
fuselage and one store separated. There is no rack or pylon. This
configuration was chosen to compare with available wind tunnel data.

The input for each program will be discussed in detail in Appendix
B and Appendix C. Those items which do not apply will be referenced to
the proper users manual. Details of the preparation are included to
allow future users to concentrate on those items which cause the most

difficulty.
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IV. Source Program Input and Analysis

The program input (Ref 5:9-16) is initiated by the user represent-
ing the body as an equivalent body of revolution (EBR). The surface of
the EBR is then approximated by a series of polynomials which represent
the EBR x,r distribution. At this point the source program is run with
a user specified finite source distribution. The program calculates
the shape of the EBR from the source strengths and the output is
presented so that the user may compare calculated values of the surface
to the polynomial representation of the surface. There is no set pro-
cedure for specifying the source distribution; trial and error, and
experience are the only tools available. Once the proper representa-
tion is determined, the source strengths and locations are input into
the trajectory program.

The source program input was developed for the fuselage and store
at M = 0.6 and M = 0.9. The fuselage input will be described in detail.
The input was determined in distinct steps:

1. Cross-section area distribution for fuselage
Inlet velocity ratio
Cross-section area distribution of EBR
Polynomial to represent EBR

Develop input deck

[=)) W p - w N
. . * - .

Run source program
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Cross-Section Area

Cross-section data were available at 22 fuselage stations. Data

on more stations would have improved the program accuracy in represent-

ing the body. The area at each station is converted to an EBR area and
radius. This provides one point on a curve which must then be repre-
sented by a given polynomial. The accuracy of the polynomial is
directly related to the number of data points.

Inlet Velocity Ratio -

As previously stated, the inlet velocity ratio is used to adjust
the area distribution to reflect the change in streamwise flow caused
by blockage due to the presence of the inlet. For an inlet velocity
ratio of 0.5 only one-half of the inlet cross-sectional area is added
to the area of the body. For an inlet velocity ratio of 1.0, none of
the cross-sectional area is added. This correction is made on the
right and left nacelle.

The inlet ratio was determined from experimental data (Ref 15) to
be VD/VQ = 0.862. This was calculated by knowing the theoretical cap-
ture area of the duct, the exit area of the nozzle, and experimental
flow data. By assuming a constant mass flow through the duct, the
velocity at the duct inlet was determined. This duct inlet velocity
divided by the free-stream velocity gives the required inlet velocity
ratio. Reference 5 uses an inlet velocity ratio of 0.5 with no ex-

planation of how the number was determined. This value could be used

52
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if no experimental data were available. Note: the inlet velocity
ratio must be greater than or equal to zero, but less than or equal to

1.0.

2

A capture area, including both nacelles, of 1068 in“ was used.

With an inlet velocity ratio of 0.862, the area at each fuselage sta-
tion was reduced by 921 1n2.

Cross-Sectional Area Distribution of EBR

The cross-sectional area, corrected for inlet velocity ratio was
determined for each fuselage station. This area was then converted to

an EBR radius, Table 2, Appendix A.

Atotal

Resr =[ ™ (79)

]1/2

The information on the last station was taken from the engineering
drawing.

Polynomial to Represent EBR

The EBR is represented by a series of polynomials describing the
curve of r/4 plotted versus x/&, figure 12. A1l coordinates are non-
dimensionalized with respect to the body length.

The equation used to describe the EBR is given by

r/e =C +C /O (x/2)Z +C (x/2)2+# C + C (x/2)%+ C (x/2)2 (80)
1 7 2 3 b 5 6

(Ref 5:11)
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Combinations of coefficients Clthru C7 are used to describe the
desired curve. For this case, let r/g = y and x/% = x. The following

curves can be represented by

y=C +C/Cx2+Cx +C +Cx+C x2 (81)
1 7 2 3 4 S 6
Straight line
y=¢ C through C =0
1 1 7
y=C +Cx C =C =C =C =¢C =0
1 5 2 3 b 6 7
Circle
y=C +C/Cx2+Cx +C C =C =0
1 7 2 3 4 6 5
Parabola
y=C +Cx+Cx* C=C=C=¢C=0
1 5 6 2 3 [ 7
Ellipse
y=C/Cx2+¢ C =C =C =C =0
7 2 4 1 3 5 6
C7<0
Hyperbola
y=CvCx2+¢(C C =C =C =C =0
7 2 4 1l 3 5 6
C <0
2
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The source program allows for seven polynomials (NSECT) to be used
to describe an EBR. This includes a polynomial to close the body, or
model the wake. The wake was modeled (Ref 5;13,16) for the ogive store
with the same polynomial as the nose. For the present case a straight
line was used to close the fuselage body (EBR).

Observation of the EBR plot, figure 12, indicated that straight
lines or parabolas would be sufficient to model the EBR. A least square
curve fit was used to determine the coefficients, Table 3, Appendix A.

Source Program Input

The development of the source program input is given in Appendix B.
The two variables in the input deck are NRAT and PERCR. NRAT is the
number of segments which the body will be divided for the specification
of the source distribution. PERCR is the source spacing for each NRAT
segment. PERCR is input as a fraction of the local body radius of the
segment.

Source Program Analysis

The output of the source program is given in figure 29, Appendix B.
The data from this program were input into the trajectory program.

The value of NRAT was chosen, see figure 12, which left the values
of PERCR as the only variables in the source program. It is recommended
(Ref 5:13) that an initial run be made with PERCR = 1.0. The value of

PERCR should then be decreased until the proper shape is calculated or
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a maximum number of 100 sources is reached. Computation in the tra-
jectory program is a function of the number sources which must be used
to model the fuselage, stores, and racks. The maximum of 100 sources
is applied to each component modeled.

The accuracy of the program generated shape was judged by analysis
of the output section (figure 29): SHAPE CALCULATED FROM SOURCE DIS-
TRIBUTION AND POLYNOMIALS. For each x/t& specified, a value of R/L
(S.D.) and R/L (POLY) is calculated. A guideline was established for
judging the acceptable error between R/L (S.D.) and R/L (POLY). Except
for the nose and tail, the error must be less than two percent.

Runs were made with PERCR equal to 1.0, 0.8, 0.6, 0.4. The value
of 0.4 gave more than 100 sources. Results were outside the guidelines
for all of these values. By reference to figure 12, it was noted that
the body radius in segments one and two was small compared to the
others. Also the accuracy did not vary with values of PERCR. PERCR
was held at 1.0 in these segments while the others were varied. PERCR
was reduced in a random manner in segments three, four, and five until
values of 0.9, 0.3, and 0.4 respectively were found to give the best
results.

The computer execution time for the fuselage source program with
73 sources was 0.96 seconds. For the ogive store with 59 sources, the

execution time was 0.779 seconds. These values were taken from runs
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on the CYBER 750 system and are typical values for runs with varying

numbers of sources.
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V. TRAJECTORY PROGRAM - INPUT AND ANALYSIS

Selection of the Number of Polar Harmonic Coefficients

The trajectory program has numerous parameters that must be
either calculated or set before the program can be run. Most para-
meters are set by the flight condition or geometry of the complete
vehicle. The only parameter which must be picked on the basis of the
trajectory program output is the number of polar harmonic coefficients
input, item 13, (see Appendix C). Other parameters affect the output,
but they are set by the given problem. The polar harmonics must be
chosen by the user, and very few details were given, (Ref 4) for the
selection.

Recall that MH was defined as the number of polar harmonic
coefficients, and MC was the number of control points. Some basic
guidelines were given for the selection of MH (Ref 4:15-18). The
value of MH should be such that MH < 0.9MC. The calculated coeffi-
cients should converge. The value of the sidewash velocity diverges
at a certain value of MH, and the best value of MH occurs just prior
to this divergence. The least error occurs when MH<<MC. The run
time and cost increase with the value of MH.

The sidewash criteria for selection was not used because it
required another computer program to calculate the values for analysis.
The convergence of the coefficients was of no value because the coef-

ficients converged at all stations for all values of MH. Different
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values of MH gave different coefficients but no analysis of the con-
vergence could be made because of the random nature of the numbers.
The value of MH = 15 was selected by using the example given in
reference 4 and 5, along with analysis of the computer output for
different values of MH. It was noted that the two examples in refer-

ence 4, where coefficient convergence was used as a criteria, gave MH:

MH
MH

14 for MC

32

14 for MC

24

For the case of this report, a value of MH = 14 for MC = 30 should be
close. The sidewash velocity criteria was used (Ref 4) to give a value
of MH = 32 for MC = 14.

The above results indicate that the value of MH should occur at
about 0.5 MC and at a value of MH just prior to some kind of velocity
divergence. If the velocity field diverges, the forces and moments on
the store should also show some kind of divergent trend. This was the
approach taken.

A store location was chosen and a trajectory program run was made
with values of MH from 4 through 27. The results were plotted for CN
and CM versus MH, see figures 13 and 14. The values of CN and Cm both
show a divergent trend at approximately MH = 17. Comparison with ex-

perimental data revealed that Cm matched best at MH = 10, while CN
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sults within 3% of experimental for both CN and Cm. The divergence

E; . matched best at MH = 17. A value of MH = 15 was selected to give re-
b
t beyond MH = 17 was the key to the selection, with values of MH = 15,

16, 17 giving good results.

This method is a very gross use of the computer output to select
a parameter within the program. It uses a store which is approximately
3 10 feet long to analyze the contribution of several fuselage stations
to the flow field. A better approach would be to introduce a very

small store and analyze the forces and moments on it. This approach

would take a large amount of computer time and money, and up to 30
runs for each station of interest.
The gross approach was used at two other store positions. The

results indicated new values of MH for these positions. This new

information was introduced into the input; however, the final result,
Ry with the new values of MH, was no more accurate than for the run with
i all MH = 15. The original position analyzed was a critical position
£ in that the solution at that point gave the best results for all points.
At present, the selection of the proper position for analysis can be

based only on experience and trial and error.

An attempt was made to increase the accuracy of the program in the

pé

a Number of X, Stations for Polar Harmonics

:_

;‘ region behind the wing. The number of stations where poiar harmonic
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solutions were created was increased in this region. Six extra stations
© were added: however, no increase in accuracy was achieved.

Free-Stream Position of the Store

Confidence in the program model of the store was achieved by
moving the store to a free-stream position 10,000 feet ahead of the
aircraft. The values for CN and qn for angles of attack of 0°, 2°, 4°
were all within 10% of experimental values.

Trajectory Integration

The trajectory option was exercised although no wind tunnel data
were available for comparison. The stores were loaded on the fuselage
E centerline in tandem, with the aft store separated. Both stores were

in positions which matched experimental positions. The program would

not run until the initial position of the store being separated was
.- moved 0.25 feet below the fuselage. The error messages indicated
arguments too large for calculation. The program still over-predicted

the forces and moments when the store was close to the fuselage.

The required theory to predict store trajectories was established

in Chapter II. The required input for the computer model was generated

N R T T

and the program was used to predict the forces and moments on a separat-

S i D
' .

5 ed store at various positions under the aircraft model. The results of
b

;: this prediction will now be compared with experimental data from wind
E; tunnel tests on the same configuraticn.

E}

H
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VI. COMPARISON WITH WIND TUNNEL RESULTS

The comparison must begin with consideration of the basic differ-
ences between the actual model and the Nielsen Program model. The
program does not model the canard or tail. Only the wing-fuselage
combination is considered. The program does not allow some of the
fuselage detail to be modeled. An example is the gap between the in-
lets and the fuselage. The polar harmonic solutions for the near field
use the exact fuselage cross-section, but the number of available sta-
tions is limited.

The store model would also be a problem if the store was other
than axisymmetric. Only the aircraft fuselage can be modeled with a
non-circular cross-section. The store is modeled as an equivalent body
of revolution regardless of its shape. The procedure for modeling a
non-axisymmetric store would be the same procedure as described in
Chapter IV for the fuselage.

Reference Dimensions

The data comparison cannot be made until all force and moment
coefficients are non-dimensionalized with respect to the same reference
areas, or lengths.

The basic forms for the coefficients are

_ Normal Force

N T 9,5, (82)
¢_ = Pitching Moment
m quRlR
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The terﬁs q_ and SR were the same for experimental and program data.
The value of fp was not the same. The experimental data were based on
a 2o equal to the store length, 127.5 inches. For the program r is
equal to the maximum store diameter, 15 inches. The experimental data

were corrected for the difference in e

_ Pitching Moment ( 127.5 1n)'

m quRzR 15.0 in (83)
original
C =
m c (8.5)
m

The data for comparison were generated by moving the store under
the fuselage with the store CG as a reference. Table 1 gives the store

position data.

Table 1

Store Positions

% Run “XRef Yref  Zpeflfeet)
{j: Sequence Mach inches (feet) (feet) Below FRL Figures
- 1 0.6 18.12(1.51) - 0.0 6.07 15,16
- 648(54)
S 2 0.6  18.12(1.51) - 3.0 6.07 17,18,19,20
- 648(54)
..
- 3 0.6  447(37.22) - 0.0 3.82 21,22
- 648(54)
2 4 0.9  18.12(1.51) - 0.0 6.07 23,24
3 648 (54)

66

NPT IR T YOI, T PP ST W . S . PHE.L G Ly U PN S S PR PP Y U Wt Py P S AT W : L Py |




Run Sequence 1 Figures 15 and 16 were the primary sequence for

comparison. The Mach number was 0.6 and the store was positioned under
the fuselage centerline with a separation of approximately three store
diameters. The polar harmonics of the fuselage were optimized for

this position.

The program accuracy in thé region of the optimum polar harmonics
was within ten percent of wind tunnel data with less than 3% error in
CN and Cm occurring at x=-33 feet. Cm showed less accuracy in the
area ahead of the wing. The results diverge from experimental values
at x=-51 feet. This will be discussed in a later paragraph. The
computer execution time for run sequence 1 was 27 seconds on the CYBER

74 system. This is a typical value for all run sequences.

Run Sequence 2 Figures 17 through 20 considered a y variation with

the same z position as run sequence 1. The Mach number was again 0.6.
The store was positioned under the fuselage, but offset three feet
from centerline.

The CN and Cm predictions were within 15 percent of wind tunnel
data in the region of polar harmonics. The values of CY were accurate,
but the values were very small. The yawing moment, Cn’ was underpre-
dicted, but this is consistent with the near zero values of CY.

The store position is in the region where interference is the

greatest, the edge of the fuselage. The canard, which is not modeled
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would affect the experimental data ahead of the wing, and the wing
would create interference at the wing-fuselage junction.

Run Sequence 3 Figures 21 and 22 were used to consider a store

position close to the fuselage, approximately one store diameter
clearance. Wind tunnel results were available aft of x = -37.22 feet.
The CN results were within 22 percent of wind tunnel results until
x = =51 feet, where a spike in the data occurs. The Cm results were
less than 50 percent accurate.

The program accuracy decreased when the store was placed close
to the fuselage. This was expected because of the potential flow model
used by the program. The model does not consider any viscous effects
in a region where the interference effects are important.

Run Sequence 4 Figures 23 and 24 were made to test for the upper

Mach number 1imit of the program. The store position was the same as

in run sequence 1. The Mach number was 0.9, which is above the critical
Mach number, but was the only high Mach number where data were available
for comparison.

A Mach number of 0.9 required a new run from the source program,
although the same inlet velocity ratio was used. This induced an error
in the results because the flow through the inlet would not be the same.
The magnitude of this error could not be estimated, and a complete new

model was not generated.
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The polar harmonics were not changed. The area of the fuselage
in the wing region was optimized for a Mach number of 0.6. This region
is the region of interest; however, the area upstream might not be
correctly represented due to the unknown flow pattern created by the
higher than critical Mach number.

The predicted values for Cy show the trends of the wind tunnel
results; however, the accuracy was not as good as the lower Mach number
case. The Cm results show the proper trends, but the curve is shifted.
This shift occurs in the region ahead of the wing, and is probably due
to the unknown flow field caused by the high Mach number. The program
was not designed to handle this Mach number, but it does give results
that can be used for comparison.

The data spike previously mentioned occurs in all run sequences at
x = =51 feet. The wind tunnel results show an upward trend. This trend
is overpredicted by the program. The trend in the experimental data is
a natural result of some disturbance in the flow field around the fuse-
lage. This flow field is affected by the components of the aircraft
and loaded store. The store position is in the downwash region of the
wing and the region directly under the horizontal tail. Both are
possibilities for the cause of the experimental results; however, the
tail is not modeled by the program. The fuselage is relatively wide

which may also account for the interference. With the flow around the
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fuselage as the possible cause, its effects would be increased in the
program results due to the lack of a horizontal tail.

An unsuccessful attempt was made to isolate the cause of the
spike. The program does not model the tail; therefore, these effects
could not be eliminated. The effects of the store which remained on
the aircraft were eliminated by removing the store from the model.
The effects of the inlet region on the downstream flow were eliminated
by using a z direction traverse at various x positions under the
fuselage. Any disturbance from the inlet region should be felt along
a line, at an angle, downstream of the inlet. This line should be
predicted by the two traverses. No correlation could be made from

the results.
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VII. CONCLUSIONS AND RECOMMENDATIONS

An advanced fighter design was successfully modeled using the
Nielsen store separation and trajectory program. This model was used
to determine the loads on a single store at various positions under the
aircraft fuselage. Results of the program prediction were compared
with wind tunnel values.

The computer model was a potential flow model, with a variation
to account for a non-circular crosssection fuselage. Only the wing,
F. fuselage, and two stores were modeled; however, the program could be
used to analyze up to ten stores with appropriate pylons and racks.

As a result of generating the computer model and using it to pre-
dict the forces and moments on a store, the following conclusions were
reached:

i} 1. The Nielsen program can predict the forces and moments
}f on a separated store. For the region of interest, where
' the program is optimized, the prediction accuracy was
within ten percent of wind tunnel results. The region
of interest, at Mach number 0.6, was under that portion
of the fuselage centerline which is occupied by the

z; wing. For the same region of interest, but Mach num-
ber 0.9, the prediction accuracy decreased. For this
case, results are only within 28% of experimental

values.
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The generation of the program input requires considerable
knowledge and experience. Flow regions of interest must
be selected for optimization. This requires a knowledge
of possible store carriage requirements as well as store
free fall characteristics. Parameter values within the
program input must be selected with very little guidance
given for how the selection should be made.

The program is easy to use once the model is generated.
Various store positions and trajectories can be studied

with few changes required in the input.

The Nielsen approach to the store trajectory problem has been

exercised, and the following areas were identified for further study:

1.

The selection of the optimum number of polar harmonic
coefficients to describe the non-circular fuselage is a
major area of interest. The methods for selection have
been discussed and an extension of these methods was
used to select the numbers for this report. Gther
models should be generated and analyzed to increase
confidence in the precess.

In order to build confidence in the program it should
be used to model other aircraft; however, caution

should be exercised when using the program to generate

82

IS S e S |




data on an unknown aircraft design. The model should
be generated for a low subcritical Mach number. This
model should then be applied to a store of known char-
acteristics and at a store position away from the air-
craft. The store should then be studied at numerous
positions to determine the limits of the program at

that Mach number. Other Mach numbers should be ana-

lyzed in the same manner to determine the Mach number
EZ limits. This procedure should be used to build con-
éi fidence in the program prior to analysis of a store of
- interest. For this report, confidence in the program
was achieved by comparison with experimental results.

3. The effort required to generate the model input could

be cut by writing additional programs. The automated
calculation of crossflow coordinates and slopes for

the polar harmonic coefficients would save time. A
program to plot the source generated shape and the real
shape would help to visualize the accuracy of the source

program. The programs would save time and effort, but

e Iy v .y VU N ~T ¥
O I VIVIKEAMGITEDY - JEIOASLEARNIO

not necessarily increase program accuracy.

The Nielsen approach to the store separation and trajectory problem

can provide the information required t¢ determine what happens to a
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weapon when it is released from an aircraft. The program input, once
generated, is easy to use and minimum changes are required to study

various store positions and trajectories.
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£
L Table 2
] O
Fuselage Equivalent Body of Revolution (EBR)
Fuselage Station Total Area (inz) Radius EBR (inz)
(inches) _(uncorrected) (corrected)
0 (nose) 0.0 0.0
25 203.14 8.041
50 493.97 12.54
31 75 801.6 15.97
: 100 1126.4 18.94
3 123 1434.7 21.37
f} 130 1580.1 22.43
155 2172.9 26.3
182 2438.9 27.86
‘5 = 209 2445.2 27.9
f 237 2415.8 27.73
’ 246 2311.3 27.12
267 Corrected 4127.1 31.95
297  Area Reduced by 4390.0 33.23
327 921 in’ 4914.2 35.65
_ 357 5010.0 36.08
: a17 5000.0 36.03
2 457 4979.9 35.94
o 487 4965.7 35.88
89




Table 2 (Cont'd.).

Fuselage Station Total Area (;;i) Radius EBR (inz)
(inches) (uncorrected) (corrected)
522 5052.1 36.26
556 5131.7 36.61
592 5119.4 36.56
632 4098.8 31.8
657 3821.0 30.38
677 . 1060.0 6.84
Table 3
Equivalent Body of Revolution - Polynomial Coefficients
P C, Cs Ce
Station 0 - 75 0.0001497 + 0.355x - 1.279x°
75 - 155 0.0098898 + 0.127118x

155 - 246 0.03729 + 0.007463x

246 - 327 -0.1122185 + 0.662765x - 0.666058x2

327 - 592 0.051765 + 0.002558x

592 - 657 0.1355 - 0.09326x

657 - 682.8 1.1766 - 1.16606x

Ei
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PR

2

Test Conditions

Mach = 0.6
Total Temperature

Total Pressure

Y s y 0 v
F7 _Y‘“.'.'-.n__."_..,,
PR AR -

9%

Fuselage angle of

Flight path angle

Mach = 0.9
Total Temperature

‘l% Total Pressure

IOACAIRILELE 0* s JASMMRAAASAE B64 Dkt iiRas

-

attack

P ST NP
R T L
CL LG PRI S hPRPAC T WIS R IPRL P TP P PN

Aircraft

100.3°F
1598.2 psi
314.6 1bf/ft2

2.5°
0.0°

99.6°F
1271.9 psi
427.1 1bf/ft2
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Run Sequence 1

Mach = 0.6

...--, ....<4
ST ErEt  TNCRRARNURNE,

‘,;.

¥ %

YRef = 0

Zpos = 6.07 feet below fuselage reference line (FRL)

Ei XRef (feet) cN Cm Part Number
!! 1.51 0.726 -0.160 2393
& 9 0.795 -0.179 2387
15 0.705 -0.138 2381
21 0.498 -0.105 2375
27 0.743 -0.194 ‘ 2369
33 0.79 -0.162 2363
AN
s 39 0.78 -0.176 2354
45 0.911 -0.218 2348
A1 1.086 -0.238 2342
X 54 0.957 -0.174 2339

[UEAEE WL VA N P

L4
. '-)rl‘-

2P o

Note: Part Number refers to an experimental run

number.

Y
LR

92

PP AP AP VLI VAT VPG Wi W .




- - - - -
L e e s o Len a T Y o B i L e Syt N A N i "q-".‘i K IC A ISl i SnCal S T )
B T T o R R R I St TR Y I M R R - L I e A I T S
Lt
. "
h)
o

Bt SR Run Sequence 2

CRNCIR
.
PR S

[ AL % 4
e
"

Mach = 0.6
= 3.0 feet

= 6.07 feet below FRL

YRef

Zpef

)
Al ]
."n

ii

NG

xRef (feet) cN ¢ cY cn' B Cz - Part Number

1.51 0.77¢ -0.165 0.131 -0.227 0.023 2393

9 0.809 -~0.182 0.13 -0.201 0.025 2389

15 0.746 -~0.15 0.153 -0.289 0.024 2383

21 0.550 -0.112 0.203 -0.346 0.025 2377

27 0.709 -0.181 0.095 -0.034 0.025 2371

33 0.775 -~0.169 0.082 -0.173 0.022 2365

6!; 39 0.784 -~0.177 0.119 -0.182 0.025 2356
45 0.906 ~0.214 0.066 -0.04 0.024 2350

51 1.045 -0.229 0.021 -0.001 0.023 2344

54 0.924 -0.172 0.044 -0.097 0.022 2341

N

- . e e e . . e e e e e e e e .
. Ta e e e e e e . .t ORI B A S - e et e
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Run Sequence 3

O
A
PRERICAR]
ORI R I
R A

0.6
=0

Mach

o YRef

zRef 3.82 feet below FRL

Xpef (feet) CN

Part Number

o 37.22 0.670
= 39 0.724

5! 45 0.951

: 51 1.312
i 54 1.045

94

.................
..................

-0.167
-0.175
-0.236
-0.294
-0.148

2357
2354
2348
2342
2339




i Run Sequence 4

Mach = 0.9

YRef = 0.0
& Zpef © 6.07 feet below FRL
- XRef (feet) CN cm ' Part Number
f- 1.51 .786 -0.184 2616
f 9 .898 -0.228 2610
ﬁ 15 .860 -0.188 2604
& 21 .481 -0.084 2598
J 27 .751 -0.216 2592
B 33 .896 -0.224 2586
F - 39 .891 -0.213 2580
: 45 1.024 -0.28 2574
% 51 1.305 -0.314 2568

54 1.088 -0.198 2565
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Store

- 2
Ixx = 5.4 slug-ft

157.5  slug-ft?

—
n

yy
157.5  slug-ft°

—
]

zz

Xy Xz yz

CG Tocation (fus. Sta. ft) = 5.3125 ft

S_ a. Length = 10.625 ft

- Body Diameter = 0.625 ft

Fin Semi-Span = 1.45833 ft

pagrain
NRCH
‘-: RPN

At
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.f Appendix B

Source Program Input, Output
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Source Input (Ref 5:10-16)

n A4 The input deck for the aircraft will be developed. The input for

: the ogive store is included for reference (figure 27). The program

: input format is also included (see figure 28).

- Item 1 NCARDS=3

Item 2 See figure 27. The data from these cards is not
used directly by the program.

Item 3 NSECT=7 1<NSECT<7

Item 4 NSECT values of the end points of the polynomials
used.

Item 5 Polynomial coefficients, see figure 27.

Item 6 (listed below)

XSFST = .001, recommended value, x/%

XSLAST = 1.00357 End of body, including wake, x/%

XRMAX = 0.771 point of maximum radius, x/¢

XINIT = 0.01 x/2

- XFINAL= 1.0 x/2

- DELX = 0.02, recommended value

i} RMAX = 0.54 maximum radius, r/2

g

a Item 7 NRAT=5, 1<NRAT<5

f; This item should not be confused with item 3. NRAT refers
i

r_",.ﬁ

l."

i

4 99
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to the number of segments into which the body will be

£ divided for the specification of the source distribution.

*

The segments need not coincide with the NSECT segments

a4 2T E T e
Ve e Loty e
L Lttt e

except at the end of the body; the segments of NRAT must
cover the entire length of the body to be modeled, figure

12.

Item 8 See figure 27. NRAT values of segment end points

"i—ir e
P TR

Item 9 NRAT values of PERCR. PERCR is input as a fraction
of the local body radius of the segment. A value
E; of 0.9 would mean that the source spacing in that

segment would be 0.9 times the local radius.

T b A0 204 gt
L £ 4-e 8 ro.
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Figure 29. Continued
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Appendix C
Trajectory Program Input, Output
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W TRAJECTORY PROGRAM INPUT

The program input consists of 46 items, figure 30. Each item will
be listed; however, not all definitions will be included. Reference 5,
pages 23-40, must be used along with this report. The program input
format is given in figure 31.

Use of the proper coordinate system is critical in this input, and
numerous errors are possible. The basic reference frame is the fuselage
system, figure 32.

Item 1 NCARDS=3

Item 2 See figure 30. The information from these cards
is not used directly by the program.

Item 3

N e

S ALFAC=2.5 (degrees), GAMF=0 (degrees),

5 FMACH=0.6, RH0=0.0001397 slugs/ft°

VINF=671.2 feet/sec

These values were calculated or given in the experimental
data, see Appendix 1.
Item 4 NFU=2, NPY=0, NRACK=0
NSTRS=2 (0<NSTRS<10)
Item 5
FLTHC=56.4 feet
FRMAX=3.05 feet
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Item 6 Lists the number of sources used to describe the EBR.

This number is printed at the top of page 3 of the
source distribution output, figure 29, Appendix B.

Item 7 Lists the x/% locations of the sources used to des-

cribe the EBR.
Item 8 Lists the non-dimensional source strengths. Item 7
and 8 are printed on page 3 of the source program
output, figure 29, Appendix B.
Items 9,10,11 Apply only if NFU=1 (Ref 5:24)

Item 12
NXSTAT=10  NXSTAT<20
MC=30 MC<100
VDINF=0.862 inlet velocity ratio
0.0<VDVINF<1.0

NXSTAT is the number of XB station where polar harmonic
solutions are to be generated.

MC is the number of control points to be used, in the range

of 0° to 180° to obtain the polar harmonics. The coordinate

system is shown in figure 33. Note: the origin of this
system is located at the nose of the actual fuselage, see

figure 32.
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Item 13 is repeated for each XB station, NXSTAT values,

see figure 30.
XSTAT XB location of crossfliow plane
REQ radius of EBR at XB station

DRDXC dr/dx of EBR at X, station

B

MPH number of polar harmonics to be used at each XB station
MPH<50

NOPSUR indicates if a portion of the contour is open to the
flow, see figure 34.

THOPB value of 6 at which open surface begins

THOPE value of e at which open surface begins

The values of REQ and DRDXC come from the source program

output for the fuselage.

The locations XB were chosen by analysis of the fuselage

cross-section. The values of XB and reasoning for each

are given in Table 4. The values of THOPB and THOPE were

found during calculations for item 14. Selection of MPH

is discussed in Chapter V. The value of MC=30 was chosen

because it gave a good range for the possible values of

MPH, and it gave a reasonable representation of the fuse-

lage cross-section without a large amount of calculations.

A computer program could be written to handle the calcula-

tions required for items 13 and 14, but for this case all

112

W T R Ty RTRETTTETTLTRL T T T TR TR W R AT e e T T LT e

casaasd




calculations were done by hand.

Xg Stations

Station (Xg)
Inches/Feet

-182/-15.17
-246/-20.5

-267/-22.25
-297/-24.75
-327/-27.25
-357/-29.75
-417/-34.75
-487/-40.45
-522/-43.5

-592/-49.33
-598/-49.83

Table 4

for Polar Harmonics

Reasoning

highest point on canopy

start of inlet

center of inlet, open to flow
end of inlet open to flow
rapidly changing cross-section
end of rapid change

point over wing

point over wing

end of wing

point aft of wing

final position so that harmonics at

station 592 will be calculated
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Item 14 is repeated for each XB station where data are to
be input. The number of cards is equal to the

number of control points MC.

_ 180
A8 = e 6 degrees
8; = %; + (i-1)as i=1,2,...,MC

The value of rg was determined using the coordinate system
of figure 33 applied to the actual fuselage cross-section
at each XB station, figure 35. The values of YB and ZB
for each control point were determined from the drawing.

These coordinates were then converted into an rB(e). The

F a value of drB (6)/de (feet/radian) were determined from a
S | plot of rg versus e, figure 36.
i Analysis of the values given in the example (Ref 5:

125) revealed that the slope at any point was determined
by aR/A6 applied to the points on either side of the
desired point. This worked for points where the curve
was smooth. At points with sharp corners, AR/A6 was
applied to the desired point and an adjacent point, see
figure 36. The choice was made to always pick the point

after the desired point as the adjacent point. Judgement
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was required as to when the two point method was required.
Item 15
XBWOC=-28.88 feet XB location of the wing leading
edge
ZBW0=0.333 feet ZB location of the wing leading edge
WIC=0 incidence angle of the wing root chord rela-
tive to fuselage XB axis.
Careful reference should be made to the algebraic signs of
the input values, figure 32. Values were taken from the

engineering drawing of the wind tunnel model.

Item 16

CRW=+13.67 (feet), SSPAN=+16.42 (feet)

Values are from engineering drawing.

Item 17

NCW=8, MSH=5 (MSN§30)
The values of NCW and MSW were those recommended (Ref 5:

27-28).

Item 18 numbers and specifies the location of each wing

(1eft) vortex trailing leg, figure 30. The wing
trailing and leading edge sweep angle as well as
the wing dihedral angle are also specified.
Guidelines are given (Ref 5:27-28) for the proper

positions.

115




Item 19 is associated with the wing twist and camber

NTAC=0 (no twist or camber)

NUNI=1 (omit if NTAC=0)

Item 20 is omitted if NTAC=0

Item 21 specifies the wing thickness distribution

NCWS=12 (NCWS x MSW<400)

NUNIS=1 (similar thickness distribution at all stations).

The value of NCWS=12 was chosen because data for this item

and item <2 were available, see fiqure 30.

Item 22 THETAL(J) - slope of the wing thickness distribu-
tion at the centers of the thickness panels. For
NUNIS=1 only data for the chordwise row adjacent
to the root chord is input. The first value is
for the panel at the leading edge. ‘

The procedure for finding THETAL is given, (Ref 5:30-31).

The airfoil for this report was NACA, 65A005 and the data

for a NACA 65A006 airfoil (Ref 17) were scaled to provide

the required NACA 65A005 airfoil section. This airfoil

was plotted to give the required slope.

Items 23-27 are associated with the pylon if present.

(Ref 5:31-33)
Items 28-31 are associated with the bomb rack if present.

(Ref 5:33-34).
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..........................

- Item 32 is a deck of cards, with one card for each store,

n A figure 30.

: NUMSTR(J) store identification number < 99

NSHAPE(J) store, shape identification number < 99

SLTHC(J) 1length of store, feet

SRMAY(J) maximum radius of store, feet

XSNC(J) x, location of store nose relative to the wing
chord leading edge immediately above the store,

feet; positive ahead.

YSN(J) z, location of the store nose measured from the
fuselage centerline, feet; positive to the right.
ZSN(J) Z location of store nose
relative to the wing chord leading edge immed-
iately above the store, feet, positive below.
SIC(J) store incidence angle measured relative to the

wing root chord, degrees; positive nose up.

The store position is input as a function of the store nose

T

FUDOROO0C

AN

with respect to the wing of the aircraft. The incidence

angle of the store is then input with respect to incidence

L4
4

angle of the wing. All experimental data were given with

the store center of gravity (CG) located with respect to

MRS IR ey A4S ph it 4 W b il
R P YRR " *AOSIENES "tk St

the store nose and fuselage reference 1ine (FRL). The
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store incidence was given with respect to horizontal. The
geometry for the store location is given in figures 37 and
38.

The store was first located at a reference position.
From this position the store could be moved without the
need to go back through the geometry.

The reference position was chosen to match a position
where experimental data were available.

XB = -33 feet, Z = 6.08 feet (below FRL), yB=0, a=6°
Store dimensions are shown in Appendix A. For this position
XSNC(J) = +2.192 feet, ZSN(J) = 4.256 feet. The geometry
for ZSN(J) is shown in figure 38. The aircraft is at
angle of attack 2.5°, and the wing incidence is 0°. There-
fore, the store incidence with respect to the wing is 3.5°.

The calculations can be verified by the trajectory
program output which gives the store CG position with
respect to the nose of the aircraft.

The directions for calculation of YSN(J) are incor-
rect (Ref 5:34). YSN(J) is measured from the fuselage
centerline. This error was discovered when the program

was run with YSN(J)#0.
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o Item 33 is one card which specifies NSHPT=1, the number
of different shapes for which source distribution
are to be input.
Item 34
MSHAPE=1 shape number of store to be represented
by the following source data; equal to one of the
values of MSHAPE(J), item 32.
MSOR=59 number of sources from page 3 of source
& output for the store
’ Items 35,36
t@i DUMX(J) x/& of store sources
: DUMQ(J) source strengths
The data for items 34, 35, 36 come from a source program run
£, to model the store. The procedure is identical to that for
~ the fuselage. The complete derivation for the source input
: is given in Reference 5, pages 13-13. The input deck is
P given in figure 27 of this report.
: Item 37
NEJECT=2 1identification number of the store being
separated
NSEG=40 number of segments the body is to be

........

broken into for the force calculations:

NSEG < 40. It was found that the best
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si if% results occurred when NSEG=40.
NSEGX0=40 number of segments to the flow separation loca-

- tion. The recommended value of 40 was used.

NGAM=0 trajectory to simulate a wind tunnel captive
store

NPOLY=2 number of polynomials representing the store
shape. The wake can carry no forces, and is
not included.

NROLL=1 rolling moment to be calculated

NFMP=1 empennage present

NDAMP=0 no damping to be included.
Item 38 (from Ref 15)

& SMASS=29.8497 slugs store mass
g FIXX=5.4 slug-ft>

FIYY=157.5 slug-ft3

3

F1ZZ=157.5 slug-ft

FIYZ=0
' FIXZ=0
! FIYY=0
Item 39
XMOM=-5.3125 store position where moments are

to be taken.

*‘_.....‘“_

DY TR
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XBAR=0 x positive forward of store CG, relative
to moment center
YBAR=0 y positive right of store CG, relative
to moment center
ZBAR=0 2z positive below of store CG, relative
to moment center
For this case the moment center and CG are the same point.
Item 40
XEND(J) x/2 of end points of the polynomials
specifying the separated store.
Item 41
COEF(J,K) coefficients of the polynomials
representing the separated store.
The data for items 40, and 41 come directly from the source
program input, figure 27.
[tem 42
CA=0.34 store axial-force coefficient, reference

area is store cross-sectional area. CA

rryrrer

Lg
I N .
ot () AN N

rd

was given in the experimental data.
CDC=1.2 crossflow drag coefficient, the recommended
;2 value was used (Ref 5:33)
&
Z
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Item 43
IPLNR=0 cruciform empennage
MSF=5 number of spanwise control points on each fine
MSF must be odd, 5<MSF<1l. The recommended
value was used.
Item 44
XTAIL=-9.57 x location on the store axis where the
empennage forces act feet, negative
RADAV=0.625 average store radius in empennage region,
feet
FINSS=1.45833 tail fin semispan, feet, positive
PHIROL=0 initial fin orientation 0<PHIROL<90
CLALPH=3.1 1lift-curve slope of two exposed panels
joined together, per radian. The
reference area is the store maximum
cross-sectional area.
RADAV, FIWSS, and PHIROL were taken from the experimental data,
Reference 15. CLALPH was determined using store data and
DATCOM (Ref 18:4.1.3.2-4). The reference area used in DATCOM
is the fin (wing) surface area. This must be redefined using

the store cross-sectional area.
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XTAIL was determined using DATCOM (Ref 18:4.1.4.2-3)
which calculates the aerodynamic-center location.
Item 45
This card specifies initial velocities of the store
relative to the parent aircraft. For this case all
were zero.
Item 46

DTIME

0.5 integration time, seconds

TIMEI = 0.0 initial time in seconds

TIMEF

With TIMEI,

0.0 final time, seconds.
equal to 0.0, the forces and moments are given for the
initial position of the store.

Item 47 s used when a trajectory is being restarted.
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a‘ Figure 32. Fuselage Coordinate System

(Ref 5: 13)
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Symmetry plane
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\—Control point

Figure 33. Coordinate System in Crossflow Plane
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SIu-DLGAEE-OF -t RLEUON TAAJLCTIRY PAOGRAN

ANECSI
V/WINALE S 3 0962
FLIGHT MACN 3 Cob

ALACRAFT FLIGNTY CCADITIOAS
AnulLE OF ATTACK =
FLIGNT PAIn ANGLE =
NACH MUPBER 3 o6
FRLE STHEAN MASS DEASITY =
FALL STHEAW WELOCKTY =2

FUSELAGE TMPUT DArA

CQUIVALENT BODY OF REVCLUTION
FUSECAGE LENGTH =
MAXINUN AADIUS =

N 1.00000C-03 1,002700-03
GotK) 1.31126£-06-1414390E-06

L 149 997014003 L.26733E-02
QoK) 847713 ~07 1.204532(-08

N 6300 36E-02 ToT0I0OF~02
Qi) 151472605 1.60093E-03

L 148 2429714601 2.00910€-00
QoK) 1.00310£-00-1.33011E-00

1N A 91T45E-u]l 3.004716-01
Go(Nd=To312106=0% 0.13209¢-03

250 DEGREES
880 DEGALES

50440000 FECY
305000 rFLET

«0013370 SLUES PER CUBIC FoOOT
6T1.20 FEET PEN SCCOND

INCORPRESSIBLE SOURCE DISTRISUTION

1.91006£-03 2.57
TeS38930E-87-3.900 -9
1a62531E-82 2.071857<02
2081963608 3<046730L-06

2 tellbl6t-01
3 3.11003¢-08

2,92307€-01 3.23044£-81
3233329€-00-3031349¢€-00

9+17200€-01 $029945E-01
6e8T053E-06-304T4T0C~05

L 148 $e93768(-01 $206556L-01 €.19352-01 632136

3202943603
39891806 -07

2.62010-02
063003 -06

1.30%450-01
4.,03010-0%

3,9%5630€-01
TeT1269C~09

9002694€-01

$+30600£-03
54562609

3.31684E-02
6o 13870E-04

1321 76E-01
1416939%C-0%

3.07605€-02
136344 L~04

S.3%051C-01

b9 ME-09-3.122495E-03

LA i e i Jbene Jlein )

0006903 T.600276-03
Re20607E€-07 4.25965E-07

13726602 S.173060-02
9.01095E-06 1. 2009909

1.75362€-01 2,01327€-01
Co63076E~09 2.901541-05

V1971 7C-81 4,.34719¢C-01
3004326£-03 8.76310€-03

Se682137~01 S.88%00E-61
S0 32U ~05-3. NCTH-43

$a37747€-01 6o 70613E~018

6e13058E-01

. -

BeR) 5.39065E=05-5.25196F-09 9.23102E-03-0.02799 9E=09-2+00730E-093.118000-0%

LIS $:96293C-01 7.09140E-81

0oiK)=3,391220-00 1.90630C-03-3.09966(-03

LS Te99323€-01 8.12237¢~01

00 ud=1.07997€~02 JoB0L3LE~02~1.00120202

" Se18750€~-01 5.26973(-01

B04NI=0.90076E-03 5.10359E€-03-9.500346L-0)3

in 1.00303¢+00
QriNI=2,130 T0L-00

Figure

7.22003€-81 T.38870C-018

0.231600-01 0.380%¢-0)

9$.02664C~01 9.928%0(-03

T.AT745¢~-00

Te23700E~03-1 19704802

1e801206L-02-1,60932€-02

. 72670L-81

$3=3.01177E~03

(a) Page 1

39.
146

1.60628

0.63974€-01

1.86017C-01
136920002~ 768 106-02 1.831020-42

8.76924C-01 0.9%0110C~01

10022000-02-9,23332€C~03 3.48100(-03

P.06073E-01

V.90 12€-61 9.99736L~03

8C-03-7.03S01E-00 3.65719C~0¢

Trajectory Program Qutput




NON=CIRCULA: FUSELAGE DATA

THE NON=CIRCULAR FUSELAGE CONTOUR MILL BE SPECIFIED AT 11 STATIONS
30 CONTKIL POINTS MILL BE USED IN DETEINIVING THE POLAP HARMONICS AT EACH STATIC’
THE INLET VELOCITY RATIC IS oé6

STATION NDe ) 15 POLAR MARMCNICZ COESFICIENTS
EQUIVALENT BCDY THEYA RANGE WMESE YHE
XFo FT RADIUSs FT DR/DX B80DY CONTOUR IS NOT SOLID
=1%5.17000 2032000 «00706 0300 DEG. TO 04000 DEG.
SHAPE CF CONTIU®
THETA RADIUS DR/DYHETA SLOPE OF CONTOUR
DEG. FTe. FT/RAD DEG. DNU/DX
3.0i000 «67200 «03700 99.84250 =e00Ce3
%.00000 «67700 «11800 09.11276 0.00000
15.3000C «69330 «22400 83.73035 =+00115
21.0C000 «72330 «27600 90.10601 =«00126
27.00003 «7540C «3560C 83.85C44 ~«00147
33.6C0C0 «80600 «56000 8920835 =e00247
39.00000 «87000 e 76400 87.71166 =e002R2
45,0C000 «961C0 «57100 8370300 ~«00253
51.00000 106700 137700 88,E2310 ~«001€0
57.00000 1¢24600 1.5870C 95013643 ~e00463
€3.0C000 180700 145900 10596055 «00108
6%.00000 152500 1.12000 122.53243 «02428
75.00C00 164500 101800 133.24891 «02578
100000 175138 «94000 182.77183 «01627
ET.00000 1.£3300 «63600 15786965 «00%10
©3.00000 188400 « 27700 170.635086 -+00223
€9.00C00 194200 «56500 17277532 -=007¢4
105.00000 200600 «71300 175.43307 ~01047
111.00000 2409100 «528300 17577645 ~e01222
117.00000 2420500 121200 178.20017 ~a01047
123400000 2034500 143000 181.65737 -e01£54
12¢.0CC00 2.49100 1«£35000 192.3%9370 ~+0108¢8
135.00000 2472900 207700 187.72%79 -«01230
141.00000 295200 1.81300 193.043082 -.0003®
147.0C000 J«10£00 1024308 215.20177 e014¢c)
153.00000 326500 S«67000 1082.30032 «00° 06
155.00000 3.79%9200 469100 197.930%6 ~e01519
165400000 416500 295700 213.62662 =e032¢F
171.00000 4440400 1270300 239.83082 -e03€12
177.00000 452100 «61100 259. 30327 =a04745
POLAR NA-HONIC
COEFFICIENTS
x Aln)
1 =e24777E-01
2 «11933€-01
3y ~o72327€-02
4 e T0668E-02
S =e71430€-02
6 «S6069E-02
T =e80512€-02
8 0263402E-02
9 =e18631E-02

10 062846€E-03
11 =.20087€-03
12 «45612E-04
13 =e69946E-05
16 «600871E-06
15 =,27833E-07

(b) Page 2
Figure 39. Continued
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o e " L -y v b - v.‘v v e .
8
' «7 STATION N0e 2 15 POLAR MARPMONIC CZCESFICIENTS
. EQUIVALENY BODY THETA RANGE WHEPE "HE
, XFe FT RADIUSy FT DR/DX B20Y CONTOQUR IS NOT SOLI!
o =20.50000 226000 «00745 0.000 DEG. YO 0000 D!
SHAPE OF CONTOUR
- THETA RADIUS OR/DTHETA SLOPE OF CONTOUR
. DEGe. Fv. FT/RAD DEG. DNU/DY
- 330000 «66=00 «01910 9136465 -e00¢
e 9.00000 «6T7L0 c10800 89.93613 -«001
R 15.,00000 «691C0 15600 83.93443 0.00C
O 21.09000 «71400 «28500 92.06100 «000
T 27.00000 «T43060 « 34100 92.34723 «000
o 33.30C0C «TE6RCO «502G60 90443457 «002
- 39.00000 «84500 «6£300 90.05134 «002
! 45,00000 «93700 «923C0 9043125 0.00C
o 51.00000 104900 1.30800 83.72519% «001
i 57.00000 119600 1e=25200 83.85390 003
L3 63.00000 142500 2.47200 9296157 «006
‘}: 65.00000 173000 1.68100 110.13059 «006
:i 75.00000 1.84700 « 70600 184,08107 <040
. £€1.00000 167400 «10500 16775308 «011
£7.00000 186300 ~e02400 177.73570 «007
€3.0C000 1.86900 «09600 180.05762 «007
99.00000 1.568700 «2%200 180.212582 «00¢.
105.03000 1.93290 «352600 179.76933 1.151
111.00000 2000100 «78000 17370391 1.216(
117.00000 2402560 1.07400 179.85309 1.237(
123.32000 221300 146400 179.368490 «837¢
129.06000 2040400 194700 179.99598 «35032
135.00000 2062€00 2468500 17336353 «254)
141.000600 2094300 2.81830 187.30127 o049t
147.00000 Je21500 1.74400 203.52206 e016C
153.00000 3. 31700 1.98100 212.15323 «0031
152.00000 3.63100 2062000 21116546 ~e01%€
165.00000 3.89800 2445200 222.082844 ~«0375
171.00000 414600 1045300 241.,66195 ~0841
177.00000 420200 «43800 261.0492) -e0E13
POLAR HARMONIC
COEFFICIENTS
[ A(K)
1 =o18712£+00
2 »228371€+00
3 «e2%804E+00
4 «16T89E«0C
S =292550E-01
(] e56304E-01
T =e481268E-01
8 «28955E-01
9 =+16257€-01
10 e68681E-02
11 -.21291€-02
12 «4T7055E-03
13 =.70359-0¢
14 ¢63934E-05
15 ~.26718E-06

(c) Page 3

Figure 39. Continued
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ATION NO. 3 15 POLAR MWARMONIC COESFICIENTS
-~ EQUIVALENT BODY THETA RANGE WHERE THE
o XFe FT RADIUSs FT DR/DX 82D0Y CONTOUR IS NCT SCLTD
o =22.25000 2.66000 «13789 39,300 DEG. TO 104,000 DEG.
AR SHAPE OF CONTOUR
o THETA RADIUS DR/DTHETA SLD2E OF CONTOUR
. DEG. FT. FT/RAD D€6. DNU/DX
g 3.00000 66760 «00700 92.35372 .00022
R 9.00000 «6T800 11200 83,5652% «000¢3
o 15.00000 «69100 «18700 83.85720 8.0000C
. 21.00000 «715C0 «27000 90.31234 0.00C5C
- 27.00000 74500 « 38800 03.4692¢ «00227
e 33.0C000 «7954C 51760 93.96347 «00241
il 39.00000 «85400 «70000 83.65948 -00272
! 45.00000 «9370¢ «94800 83.56565 «004CS
o 100000 1.05400 131600 89.69165 «0G2¢€C
D 57.0CC00 1421200 151300 83.35671 «0033¢
. 63.00000 1.45200 2053500 92.80326 «003R2
o 69.02000 1.75200 2.26430 105. 73455 ~e01097
Y- 75.00000 1.94100 71200 144,.85599 ~o04386
- £1.00000 1.50000 =226700 178.3991¢ -e013°4
ET.3C000 1.86600 ~o0€500 178.97389 «4375¢
53.00000 1.8RECO0 <=«09800 135.27452 «82125
5900000 1.90730 24.79100 103.39870 «0090¢
105.0C000 4.63400 2.24200 163.18153 «036°7
111.00000 4.85600 2.43700 174.35006 «02774
117.00000 S5.13600 =7.06900 26035362 02657
123.00000 4.41500 <=6435300 263.2027s 11651
12500000 3.82100 <4.87300 272.89342 «101K¢
135.00000 3.42100 =2.95400 265.91029 e1104¢
141.00000 3.09%60 1.51000 205.02215 «1178¢
187.00000 3,25C00 ~ 112400 217.32225 200822
153.00000 3.32500 1.56700 217.76652 00222
159400000 3.58700 2.23500 217.07365 -e0325¢
1£5.00000 3.80100 177600 223.9558¢ ~.06521
171.00000 3.95100 1.0620C 245,22575 -e0831]
177.06000 4.082300 «30400 262.67°63 -e1014"
POLAR WARMONIC
COEFFICIENTS
x ACK)
1 =.R3303E-02
2 WT77447E-01
3 ~.55936£-01
4  o34117€E-01
5 =e26176E-01
$  <17893£-01
T =aT4BASE-D2
8  +30629€-03
9  4100356-02
10 =.74006E-03
11 <26263E~03
12 =.SB317E-04
13 +82515E-05
18 =.68471€-06
15  «25579£-07

(d) Page 4

Figure 39. Continued
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STATION NCo o

15 POLAR HARMCNIT COESFICIENTS

EGUIVALENT BODY

THETA RANGE WHWESE THE

C.000 DEG.

ONU/DX
0.0000C
-e 00032
0.0e0CC
0.0000¢C
0.00000
~«00133
-e00C24
«00022
«00177
«002°7
«00262
«0084C
«136°6
«07231
«11342
«0935¢%
«07353
e 04455
«0503¢
«01337
« 07653
«07311
«06=0S
«0€6°26
007‘!5
«0C215
~e03671
=-e07057
~e08455
= +05837

XFe FT RADIUSs FT DR/DX B00Y CONTOUR IS NCT SCLID
-24.75000 2.77660 «07630 0900 DEG. TO
SHAFE OF CONTOUR
THETA RADIUS DR/DTHETA SLO®E OF CONTCUR
DEG. FT. FT/PAD DEG.
3.00000 «66-00 «02300 91.02302
9.00009 «67£90 «109¢0 83.34032
15.000C0 «69100 «19300 85.39467
2100000 «71500 «29809 23,06056
27.00€00 «75300 «39700 89.20071
33.3C030 «BLACO «53800 83.21137
3%9.00000 «865060 « 74000 83445330
45.00000 «955¢€0 «96500 83.11405
5100000 1.06700 1.37%00 83.81146
57.00000 1423600 1.98500 88.75632
€3.00000 1,47600 2426200 9612525
63.,00000 1.69600 1.54%900 11655375
75.00000 1.795C0 o T66G0 141.89007
€1.00300 1.856¢C0 13.06500 89.3852a
F7.00000 3.25400 1250000 101.59133
23.,00000 $.45%600 101900 17011306
59400000 4,565C0 1.44300 171.45:21
105.3C000  4,76200  1.90200 173.22764
111.00000 .95300 311500 163.83373
117.08000 5.277006 <-2.11300 229.32200
123400000 5.05300 -4a33200 253480630
122.0C000 4.33700 -S.57300 271.10336
135.,00000 3,87700 =3.92400 270034513
141.00000 3,50500 =2,90%00 270.62038
147.00000 3.264C0 #64800 225.77111
153.09000  3.332¢0 +97100° 226475300
159.00000 3,46700 1.16300 230.45635
165.00000 3.57e00 «93800 280.29432
171.00000 3.66300 ©62100 251.37795
177.00000 3.70500 #23100 263.43233
PGLAR HAKMONIC
COEFFICIENTS
X AlK)
1 =e16694E-01
2 <S52483E-01
3 -.42120E-01
L) e 2885SAE-0)
S =e12288E-01
6  «S1739€-02
T ~e18115€~02
3  «51793E-03
9 <~e12269€-03
10 025423E~-04
11  ~44B4T0E~0S
12 +81637E-06
13 -.10S77E-06
18 oE7529E~08
15 =e33ST7E-09
(e) Page 5
Figure 39. Continued
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STATION NC. S 15 POLAR HARMCNIC COESFICIENTS
EQUIVALENT BODY THETA RANGL WHERE THE
XFo FT RADIUSs FT DR/DX BODY CONTOUR IS NOT SOLID
-27.25000 2.970¢C0 .01330 0e333 DEG. TO 0000 DEG.
SHAPE OF CONTIUR
THETA RADIUS DR/DTHETA SLO®E OF CONTOUR
DEG. FTe FT/RAD DEG. DNU/DX
3.00000 «66300 -02700 3068541 -.00032
9.0 0000 «67500 «10600 90.07533 €.000C0
15.00000 *69100 019100 83.50362 —8460808
21.00000 «71500 «28800 83.06056 «00029
27.0¢000 «7530¢ 239400 83.37962 -.000°5
33.09000 «T930C «53600 BI.14477 -.00106
35.00000 «86400 «73709 BB+53551 0.0C000
45.90000 «95600  1.01900 83.17236 -.002°5
51.00000 1.07600 142000 83.1529) -.00174
S7.0C000 126700 1.58600 3512452 -.0023¢
£3.30000 1.49100 231700 95.76146 -.0C519
63.0000¢ 1.71500 3.78°00 33.35543 «020°5
75.00000 2.26CC0  8.34600 30.15167 o02427
:1.00000 3.476G0 11.72500 97.50763 e061¢5
67.00000 4.72300 «32700 173.03341 «01035
93,00000 4.75600 «40700 179.10577 0.00030
99.00000 4.80600 « 75400 180.08370 0.0000¢
105.000C0 #.91200 142300 173.88377 «00092
111.00000 5013900 1.94300 180.28894 -.01766
117.7C00C S.32200  1.24500 133.53331 -.06436
123.0000C Se36500 =-6052500 263.55648 «001R83
129.900CC 4.70500 =5.74800 263.67424 o01€22
135.00000 %.18400 =4.331500 270.88306 .013164
141.00000 3.75000 =-3.1£000 270.95633 «01790
147.00000 3.51300 =-2.15800 263.56198 «019¢9
153.C0000 3.33500 =+79500 256.33250 «01121
1539.00000 3.34500 «03400 248.41751 -.016°6
165.0C000 3.34600 «23300 251.01562 -.039%8
171.00000 3.39500 «23500 257.0235¢ -.07538
177.000C0 3439700 =e01800 267.30359 -.0825¢
PCLAR HARMONIC
COEFFICIENTS
K ACK)
1 -.51833E-01
2 +32952E-01
3 -.63105€-02
& -.33093E-02
S  <18753E-03
6 «35152E-02
7 =e41863E-02
8 ,25561E-32
3 ~.106S6E-02
10 +32119€-03
11 -.7072TE-06
12 <11175€-04
13 =<12058E-05
18 .7980SE-07
15 -.20498£-08
(f) Page 6
Figure 39. Continued
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i STATION NCe 6 15 POLAR HARRCNIC TIESFICIENTS
; EQUIVALENT B80OY THETA RANGE WMERE THE
v XFy FTY RADIUSs FT DR/DX 800Y CONTOUR IS “OT SIID
. =23.75300 3.00700 «00235 0.J90 DEG. TO 0.00C DEG.
SHAPE OF CDvTOUR
B THETA RADIUS DR/DTHETA SLOPE OF CONTOUR
: DEG. FT. FT/RAD DES. ONU/0X
! 300000 «66700 000000 33400000 -« 00256
50C000 «67500 «11000 89.74427 ~e00268
M 1536C0G00 «651C0 12100 83.54862 -«00278
= 21.00000 «71€00 027400 89.41906 -«00327
b 27.085000 «75000 « 39500 83.22%72 =.00311
rT 33.0C000 « 79500 «533C0 39.16051 ~e00346
! 39.20090 +364020 «70800 89.66729 ~+00895
43.39000 «94300 «58300 83.73208 -e0034%
®1.03000 106700 1.34700 83.383%2 =+005%56
S7.30000 l1.2300¢C 126000 59.11037 ~«00510
£3.00000 1246100 3.07700 88.396839 =+00513
§%.30000 187300 5.21000 83.77356 =+00655
75.02000 2455500 1%.52000 84.34854 -«00353%
100000 415400 Se 74300 116487873 -+J3160
- T«00000 4.75700 ~«J0900 177.10840 «00016
£3.00000 4.75600 «23600 13019323 -.00016
59.3 0000 4080640 «73700 180434830 0.00000
105.,30000 451540 1430500 180.13027 «00077
111.00000 5.08000 le9360¢ 180.13A40s «00090
117.000400 5¢30:30 140800 192414335 «00217
123.33000 537730 =%5.65400 253443845 «00918
12%.00000 4.78330 ~=%5.34900 26716167 «0053e
13503000 8.243C0 =4436600 270.83166 «00390
1¢1,.00000 3436300 <~3.18800 27053167 «00420
147,00000 3.58300 ~=2.36900 27007179 «003°7
123.00000 3037500 <1.40800 265464517 «00251
159.00000 3029309 ~e 72900 261008270 =e007°7
163.,00000 3422200 =e 64400 266430309 ~e014°]
171.00000 J.15¢%00 -e40100 268,23437 -«0161%
177.00000 3e135C0 ~15800 26%.8815%2 -=018E6
PTLAR HA?MONIC
COEFFICIENTS
X AcX)
1 ~e41210£~01
2 e17688E-01
3 «17111E=02
4 <~o6B84426E-02
5 e32077E-02
] « T2438E-03
T =+1367%E-02
3 «13139E=C2
9 =eS7%93E~03

10 «17707E-03
11 =e39218E-00
12 «61832E-05
13 =4 56239€E=06
14 «4339CE-07
1S =e13133E-06

L2 S0 R £ Y E8 & X ot ) ]

(g) Page 7

Figure 39. Continued
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STATION NCo 7 15 POLAR HARMONIC TDETFICIENTS

EQUIVALENT BODY THETA RANGE WHERE THE
XFo FT RADIUSs FT DR/DX BOOY CONTOUR IS N7T SOLID

-34.,75000 3.00300 60255 0.000 DEG. TO 0.000 DEG.
SHAPE OF CONTOUR
THETA RADIUS DR/DTHEYA SLD?E OF CONTOUR
DEG. FTe FT/RAD JES. DNU/DX
3.00000 «65100 « 02000 91.24031 0.00000
500000 065540 «00500 98.21637 0.00000
15.03000 «67300 e18400 8v.70887 0.000C0
21.00000 «696C0 «25600 90.80567 0.000CC
27.00000 «72300 «33800 92.09%523 g.00000
33.00000 «T&300 «47300 91.29638 g.000C0H
3%.00000 « 82430 «66200 90.22167 0.0000C
45.00000 «910C0 «ET400 91.15504 0.0000C
€1.0600G 1.01100 le28100 83.28146 0.000C"
57.00000 la17¢C0 1e40400 95.80557 C.00066C
€3.00000 138600 348600 84.68225 0.00000
67.00000 1.75200 4.60800 83.81722 0.00000
75.00000 2434300 9452600 83,31153 6.008GC¢
E1«90000 3281700 11.58200 93.24031 0.000C0
A7.00000 4,75300 -e02900 177.34921 0.0CDLD
§3.00003 4.75500 « 22700 180.26682 0.000C0
99.00000 4.80600 «76000 180.013%0 0.00000
105.00000 492000 132100 179.97078 0.000C0
111.09000 508600 197100 179.81634 0.0000¢C
117.00000 5.32200 17£500 183.01383 0.00000
123.0900¢0 $«86090 ~6427300 261096373 0.00020
125200000 4.833C0 ~35«63300 26855604 0.000C9
135.00000 4.27600 ~4044300 271.083290 0.000C2
141.000090 389700 ~3.21700 270.53%90 C.00000
147.0C000 3461200 ~2439300 270.52502 0.0003C
153.00000 3239200 -1477900 27067563 p.00000
153.,00000 3.202C0 <=1.27400 270.45320 0.00000
165.00000 3.12700 -<86000 272.37753 0.008G0
171.0C000 3.05700 ~+49000 27010636 d.0000C
177.00000 3.02100 ~s24500 271.63663 0.00000
POLAR MARNONIC
COEFFICIENTS
X (149
1 ~=.39204E=01
2 «13867E-01
3 «43069€-02
& ~.T78955E-02
5 «33636E-02
6 «63971E-03
7 =e17084£-02
e «11594€=02
9 <«.4296CE-03
10 e18501€-33
11 «.30935€-04
12 «86975E-05
13 ~.48477¢-06
18 «30590E-07
1S =e89342¢£-09

(h) Page &
Figure 39. Continuad
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STATION NG, B

EQUIVALENT B80O0Y

XFo FT RADIUSe FT

=40.56000 299000
THETA RADIUS
DEG. FTe

3.00000 «65100
9.0 0000 «65°00
15.,00000 «67360
21.,00000 «69600
27.00000 «T2600
33.0000C «76300
39.,00000 « 82400
45.,00000 «91000
£1,00000 1.01100
57.00000 117600
63.,06000 1+38600
69.,00000 175200
75.00000 2634560
“1.05000C 3.817C0
$7.00000 87500
¢3.00000 475500
99.00000 480600
105.00000 4.92000
111.0000¢C 5.08600
117.00000 532200
123.03000 5046400
125.00000 4.83520
135.00000 $.274+00
141.00000 3.89700
147.00000 3.61200
153.00000 3.35200
159.00000 3.20200
1£5.00000 312700
171.00000 3.057C0
177.00000 3.02100

POLAR MARNONIC
COEFFICIENTS
AlK)
~e86237E-01
«17611E-01
«4TTATE-02
~e56546£=-02
e A4861E-02
«S1305€-03
~e19735€=02
e13977E-02
~e6025EE~03
«18095E£=-03
=239015E-00
e S9TT3E-05
=s62133E-D6
o 39490€E-07
~e11606E-0¢

[ ]
OVWIDINRUNSIWUWN-R

| ol
G N e

[l
(LR 4

Figure 39.

«00256 00300

15 POLAR HARMQONIC ZOESFICLENTS

THETA RANGE WMERE THE
DR/DX BODY CONTOUR IS NOT SOLID

SHAPE OF CONTDUR

OR/DTHEYA SLOE OF CONTOUPR

FT/RAD DEGe
«02000 31.26031
«00900 98,21637
+18400 83.70387
«25600 90.80567
33800 92405523
«4750¢C 91.29638
«66200 90.22167
«87400 91.1560¢

1.28100 89.28146
1.40400 96480557
3.45600 84.66223
4.60800 89.81722
9.92500 88.31159

11.5¢200 93424031

-+ 02900 177.34521
«22700 199.26682
76000 180.01390
132100 179.97078
1.97100 179.81694
1.78900 188.41963

6027300 261.96379

~5468300 268.53604

~0.44300 271.08390

~3.21700 270.53390

=2.39300 270.52502

=1.77900 270.67563

=1.27400 270.45320

~e86000 270.37753
~e 45000 270.10636
- 24500 271.63648
(i) Page 9
Continued
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DEGe. TO

0.000 DEG.

DNU/DX
~000027
«00C55
~200079
«00103
«00GS0
« 00256
«00363
«00178
«80560
000645
«00547
«00662
«01268
«03027
«0005S
«0177S
01732
¢01752
«0163S
«002C8
-e0143°
~o0104°F
~e00532
-00570
-o00731
-o00538
-e00%16
-«00449
-+ 00460
~e00573




STATION NC, 9 15 POLAR MARMONIC COEFFICIENTS

EQUIVALENT B80DY TH4ETA RANGE MWHERE THE
XFeo FT RADIUSy FT DR/DX 800Y CONTOUR IS NGT SOLID
=43,50000 302200 «00255 04330 DEGes TO C.000 DEGe
SHAPE OF CONTOUR
THETA RADIUS DR/DTHETA SLIPE OF CONTOUR
DE 6.« Fle FT/RAD DEG. DNU/DX
303000 «65000 «06009 87.72610 «00273
900000 «66000 «05000 7123483 «00272
15.00000 «67C00 «200C0 83437324 «00263
2100000 «70030 «300C0 87.30141 «00126
27.00000 «73330 «38000 83.5008¢6 «00243
33.048¢C00 «78C00 «51000 89.82149 «00230
39.00000 «84100 «680600 9004234 «00203
45,00000 «915C3 «96000 88,75000 «001¢9
5106000 108460 133000 5%.13058 «00051
57.00000 120700 197000 86049540 «00053
63.02000 184000 345000 85.65523 «00053
€9,00000 1.82000 525000 87.98554 -«000425
75.00000 2.5350C0 11.75000 €7.24453 -e002%1
5100000 $.17000 S5+50000 116.25189 =e03455
£7.00000 4.76000 3425000 102,67579 -«013€0
€3.02000 4.820C0 «%0000 17707764 «02730
99.03000 4.370C0 «77000 190.01529 e 04337
105.00000 4.93000 133000 18007573 «04773
111.00000 5.15000 1.€2000 183.53335 «03142
117.00000 533000 115000 194.82451 «00537
123.00000 538000 ~=5.45000 258437033 -«01639
129.00000 4.780C0 ~=5.37000 267.37963 ~+0C3€5
135.90000 4.,25900 =4,3300¢0 270.53421 -e00NS6
141.00000 Je87030 =3.05000 263424213 0.,00030
147.00000 3.56000 =2,33000 270.61614 =-e00114
153.00000 3e37000 <=1476000 270.57605 -e00122
159.00000 3.21000 -1.24000 270.12119 =.00128
165.00000 3.11000 -« 85000 270.28629 =.00265
171.00000 3.04000 =+52000 270.70665 -e03271
177.00000 3.00000 =+ 25000 27176364 -«00137
POLAR HAS¥ONIC
COEFFICIENTS
K A(K)
1 =+19226E-01
2 «50772E-02
3 =«37020E-02
L e86463E-02
S5 ~=¢15185E-02
6 =o23%42E-02
7 «34597E~-02
8 <=023985E-02
9 «10816E=-02
10 =434286E-03
11 o TT841E-04
12 =412489€E~04
13 «13521E-05
14 =,589458E-07

15 +26932E-08

(j) Page 10
Figure 39. Continued
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STATION NO., 10

RFe FT  RADIUS. DR/DX
-43.33000 3.084700 -.09326  0.330 DEG.
SHAPE OF CONTOJR
THETA RADIUS DR/ZDTHETA SLOPE OF CONTOUR
DEG. FTe FT/RAD DEG.
3.00000 67500 0.00000 93.00000
900000 «668000 «09000 9146355
15.00000 65600  <15000 92.73523
21.00000 <7100  «32000 86.73:71
2700000 «75000 «4103C 83.33604
33.0C000  <£0000  <48000 92.0362¢
35.00000  <86000  «67030 91.97832
45.00000 94000 55000 85.69635
51.00000 1.050G0 1.40000 87.86930
57.0000C 1022000 2.00000 88.38312
€3.00000 1.45000 2.76000 9071574
€9.0000C 1.80C90 4.55000 90.58397
75.00000 2.45000 12.60000 85.33571
£143C000 3.73C00 10.95000 93.81086
§7.00000 4.64000 6.14060 124.07535
$3.00000 502000 2.62000 155.4393;
93.00000 5.19000 1.57000 172.1691°¢
105.00000 5.350C0  «°1000 185.34675
111.00000 5.39030 100080 199.33712
117.06000 5.37000 =<86000 216.05860
123.00000 5.21003 =-4.79000 255.05338
129.00000 4.74000 =-4.85000 26465717
135.00000 4.26C00 -4,35000 270.73366
141.0C000 3.87000 =3.15000 270.43840
147.00000 3.57600 =-2.43000 271.24203
153.00000 3.36000 =1.76000 270.64597
159.00000 3.20000 =-1.25000 270.955%9
165.00000 3.09000 =86000 270.552°0
171.00000 3.02C90 =.42000 270.03107
177.00000 2.99000 =.25000 271.77250
POLAR HMA-wONIC
COEFFICIENTS
. « ACK)
i 1 =<62456E~01
% 2 -.13760E-01
3 .21067E-01
k: O -.T73046E-02
b 5 -.22153E-02
" 6 +30650F-02
- 7 -e22629E-02
. 8 <82247E-03
- 5 -.20086€-33
- 10 .31725€-04
e 11 -.25102£-C5
‘e 12 ~¢11319%€-06
— 13 <52209%E-07
L 14 -.53801E-08
b 15 +20777E-09
'.-
e
ot (k) Page 11
Ao .
4 Figure 39. Continued
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15 POLAR HAPMCNIC CODEFFICIENTS

EQUIVALENT BOOY

156

THETA RANGE WHEFE THE
BODY CONTOUR IS NCOT SOLID

G«030 DEGe

ONU/DX
0.000C0
€.00000
0.000C0
0.0000C
0.000CC
0.00000
s.0000"
0.000C0
0.00060
0.0000¢C
0.0000°0
0.00000
0.00000
0.00CCO
0.00030
g.00CCO
0.000C0
0.00000
0.000G0
0.000%0
0.00C00
0.00000
0.00000
0.00000
0.00000
0.0000)
0.00000
0.00000
0.00000
0.000C0
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o STA"ION NO. 11 0 POLAR HARMONIL COEFFICIE TS
i CQUIVALENT BODY THETA RANGE WHERE YHE
e XFy FT RADIUSs FT DR/DX BI3r CONTOUR IS NOT SOLID
L -49,33000 3.04700 =.03326 0300 DEGe TO 0,000 DFG.
. SHAPE OF CONTOYR
.I THETA RADIUS  DR/DTHETA SLOIPE OF CONTOUP
P DEG. FT. FT/RAD DES. DNUZDX
£ 3.00900 «6T7CG0  0eG0OOC 53.00000
- 9.00000 «66000 «09000 91.46355
iy 15.00000 «69000 *150C0 32.73523
b 21.00000 «71000 ©32000 85.73E71
SN 27.00000 «750uU6 «41000 6333604
33.00000 80 00 «48000 92403624
35.00000 «86000 «67000 91.07532
45.0000¢ «94000 *55000 89.69645
€1.00000 1.05¢C0 1.4C0C0 87.86990
57.00000 1.22000 2.C000C 82.38319
€3,06000 1.45000 2.76000 90.T1574
65.00000 1.60000 4455000 90458397
75.00000 2.45300 12.:C000 65.93571
100000 3.73C00 10.95000 99.81086
E7.00000 6.64000 6.14000 1264.07835
©3,0000C 5.02000 2.62000 155.43939
99400000 5.19C00 1.57000 172.16918
105.00000 535000 91000 185.34675
111.00000 5.39000 «10000 199.33712
117.00000 5.370C0 <=o86000 215.09880
123.00000 5.210C0 <=4.70000 255.05398
129.00000 0.74000 =84,85000 260.65717
135.00000 8.20000 =4.35000 270. 73366
1841.00000 3.87000 =3.19000 273.45840
147.00000 3.57000 <~2.43000 271.24203
153.00006 3.36000 ~1.76000 270464537
159.00000 3.20000 <~1.27000 270.95555
1€5.00000 3.09000 =.66000 270.5%220
171.00000 3.02000 “=.43000 270403107
177.00000 2099000 =.25000 271.77950

<TIT
A
PR

LOCATION OF WING ROOT CHORD LEADING EDGE ELATIVE TO FUSELAGE NOSE
XF = =29.28000 FEEY s :
ZF = «33300 FEET

INCIDENCE ANGLE OF WING ROOT CHORD RZLATIVE TO FUSELAGE AXIS

L N

&; Iu = 0.00 DEGREES

.l

r-c

b

h‘

;~_: (1) Page 12

¥ Figure 39. Continued

157

ﬁ
™~
)
*
y
..
&
)
.
4

o a m, w, e, e, e, - =
R TR R R
20,492 N R

. " IR T P et e T T T, T T

L . R . . . L. T e e, . . P [ .
LT R W A S, U DU, NS P Wy S S SO A SPaL S iy fm - - -




panuiLjuo) ‘g aunbL4

€L abeq (w)

331.4V7 X31¥O0A 3KL
03SN 3SCh4 HLIIA 30IINICID SMOY 35S INGYOHD 3HA

ACt WIV3 NI CY HLIN
TF3NVd ONIA HOVI AC INC GIVY 38 01 34V STINVA SSINNIIHL CF

SAOY¥ 3SiNUHCHI S

60000°0 00000°TIT 00000°4% O0002¢°91- 9
. 00000°0 00000°TT 00000°S% O0O000T°41I- ]
& 66000°0 00000°IT 00000°Sv 00062°T1- L
a 00000°0 0C0CO0°TIY 00003°%% 0002v°6- £
- cooo00°0 06000°T1 00000°S5% 000G1°2~ [
¥ toooo°o 00000°0 00000°0 00€C s°¢~ | ¢
- $33¥930 $33¥930 $33¥930 1334
= NOIivI07 1
- IVEOQ3IHIC d33RS 31 d33RS 371 3ISIANVCS
mu AH9IE =H1 01 NOILJ3S SNIR 40 3IT9NVY TYrOG3HIG

. GNY S53T9NVY d33RS ONV S€37 X31u0A SNITIVYL 40 SNCIAVIOT 3SIANVLS

i . MO HIVI NI 8 HIIR SMOY 3ISIMQUOHI S
. T3INVd SNIA HIV3 NO IR0 GIVY 38 €i 3¥V SIIILNOA OV

o 4334 00026°91 = NVd.S

o NYdSIW3S 9NIM

o 1334 00049°€T = M)

3 Q:tCGHI 100u ONIAM 340 HA9W3D

' YiVO 1NaN] 9KIN

158




000060°0
00000°0
00000°8
00000°0
00000°0
V0900°0
00000°0
0800v°0
oeo000°0
vo000°0
00000°0
v0000°0
00000°0
00000°0
00000°0
v0000°0
20000°0
00000°0
aoooo0*®
00000°%
00000°0
©0000°0
0e000°0
00000°0
000008
00000°0
00000°0

3407S

430nVvY

panutjuo) °gg a4nby4

pL abeqd (u)
00000°0 29601 °S51 00000°0 00032°S1~ 91202°G%~ 212561~
00000°0 (139 3 24 00000°0 00092°¢1- 1111124 3 & (1193 R4 3 23
00000°0 106€2°8¢ 000006°0 6003Z2°Ci~ Ifsdust~ (9¢12°01~
[ 1111 0 } 1 1Y ¥ & T4 00000°0 800%2°61- 9s9z2°ct- C6SSS°C L~
80000°0 6C626°(E 00000°0 0009Z°SC1~ 926£49%°2 1~ t 14 Y Mg 4 £
000006°0 90614%2¢ 90000°0 00052°S1~ (417 '34 4 £ (11 %4108
09000°0 t{ Y1954 1] 08000°0 00052°S 1~ 1 {1 [+24 3 O 22648° 11~
00000°0 T969Z° W 00000°0 0009251 - 6918501~ *01Z¢°01-~
0600CG "0 29601 °SY 00000°0 205 4e°2t~ Tell1s°v1~ CHE20°CT1~
00000°0 6ISEL 02 (11110} 0050621~ 10999°¢C 1~ [ 1249 84 3 O
00000°0 20682°S2 os080°0 0eseE 21~ TLvepc2i~ ({1 T 44§
00o00°9 ol0L42°62 90000°0 80604°21- 2520611~ (141194404
00000°8 bE6ECH°SE 29080°0 80506 °28~ 2s010°31~ [ 1314 38 § B
00000°0 906t4%4s 080000 905048°21~ 43%i1t1° 01~ (312154 ] &3
00000°0 ({71354 1] 00606°21- 19922%~ " Z19%e-
000000 T9¢92° 0050621~ t (1 1Y d DJ (1.1 1) 3d
000000 Z9001°%1 00000°0 000£9°01~ 60ESe C1~ (113 134 J 83
00co00°® 61S8€€°02 0g008°0 00901~ tlgZecel~ 090cC°C 1=
111104 ) 2068T°%2 99000°0 00£9 %08~ t£icoz°1t- 29%92°21~
[ 111104 ] nf0L2°82 900€9° 01~ LAY 7134 ] O *90¢1° 11~
00000°0 L 6Z6°CE 00000°0 900€9°01~ (114144 34 19610°01~
000000 906T2°4S 00000°0 000£9°01~ (141444 13 €906 9°0~
00000°0 {78384 (] 09000°0 000¢9°01~ t14i4 [od £ t1s92°2~
ogocc*e 2969200 908009°0 000£9°08~ *Z9L0°9~ $L0069°9-
00000°0 29601°%1 00000°8 [ 112 {94 1 0€92¢°€t- 12900°01~
o0000°0 618CE°02 [ 111124} [ 112 {94 [ 141 (30 8 T4 09149°21~
[ L1112 ] 2068 2°¢2 00000°0 0003E° 6~ 69609°01~ [T LT A § &4
00000°0 wl0248°62 00000°90 0001 * 0~ ST~ L0 66~
00000°¢ 6£626°LC 00000°8 90015 8- 160269°2~ RLILG*8~-
e000¢C*0 906t2°2¢ 00000°0 0001C* 8- (319 134 2 eIz~
00000°9 {73384 (] 00000°0 0001L %6~ 92G41°G~ 9GeGeog~
00000°0 Z2969Z°% 90800°0 0001E *6- §9918°¢~ 865600~
000000 29001°G1 00000°0 0ST1Ef S~ Ztioa*2t~- 2V260°C 1~
000000 (1158 8 1] 90000°0 [ I 2{T 3414 $0601° 10~ H0G06° 1~
00000°0 105E2°52 00000°0 0ST€6°S~ GEIIGC*6~ (119 S 3 )
00000°8 (11 T ¥ 3d Y 00000°0 0Sie6°S- 19 26°L~ 1e022°%-
00000°90 65626°CC 00000°0 06t¢6°S~ 0228C*9- 2e021°e-
000000 IeelL et 90000°0 [ 118134 3 6906L°¢~ *19¢S°S~
00000°0 [ {73388 1) 00000°0 0STF6°S- 19061°¢~ (3 12 154 4
0e000°0 29692° 0 00000°0 06t¢ee*S- T99SG° 1~ 9¢2SL 2~
930 930 44 8¢ 14 %A 13 *x 14

Wy0IN10 d13nS INIO¢ Ol IN10d

931 Onno8 0¥ ANDD

CHILSAS JAVYNIONOCD SNIM)
SAINIOd TONINOD 1V
MOILNOTYASIO ¥WIENYD ONV ISIAL INdND anv
$SITINY IVNOINIO ONV dIIAS *SIAIVNIQANCOD D114V XIALNOA

MMMt NNNNNNNNNAARNIINeesCeeeeN NONVVITNNN

MNNONORBAaNNEOENER B MAREeN IR ENNNCN I DN EeND O

1 .
X3ILV0A ROV -

SIJILYOR ONIM




WING IMAGE VORTICES

BuwUND LEG
HID POINT SUEEP DINEDRAL
ROM VORTEX %e FV Ye FIY 2o FT 0EG 0EG
1 1 =155652 =1«60636 ~e23677 ~74.61299 -6.60806
1 H =3el1 486} «1.608696 -e23677 =72.93042 ~he60M06
1 3 -4,7806% =1.60636 ~s23677 «T70,67000 -6+60006
1 L) -6.33278 -1e60636 -e23677 -6£8.25833 ~6.60806
1 S 792487 «1.606%6 “e23677 «“64,87353 660006
1 6 =9¢51495 =1.60636 -e23677 =-60.35122 ~6.60806
1 7 =11.10906¢ «1.60656 -s23677 «~%54.10031 -6.60806
1 8 =12.7061132 =1.60636 -e23677 ~45,17391 660806
2 1 =3e01665 -1e13967 ~e289%52 -81.991 34 -4,60043
2 2 «5017920 =1e13987 -e28952 -01,08279 ~8.6A043
2 3 653387 =113%67 ~s28552 =79.,%94410 =4.62043
F 4 L] =Te89207 ~113%67 -e205%2 =T8,4T653 =Qo62043
2 - =92510- =l«13967 ~e29552 =T76.51664 864043
2 [ «10.6096 =1.13967 28552 «T73.77489 =86 043
2 7 =1196E30 «1¢13567 -e29552 -£9.69182 =4.,63043
2 8 =13.32690 1413907 -e 20852 -63.06268 -4,6R043
3 | § -6e07820 80474 =e30062 -835.,11979 -3.6317%
3 2 =Te20322 -o884708 -e30462 -84,56077 -3.63173
3 3 832620 =s88470 ~e30062 =83.85766 «3.63175
3 [} -$.45318 ~s 88476 230462 «~82,94689% -3.63173
3 5 =10.57816 -+88470 -+30462 -81.,72110 -3.63175
3 [ «=11.,70313 -.88478 -e30462 79,9849 3463173
3 7 -12.82011 =o88474 -e30862 7734234 -3.60173
3 [} -13.95309 = 08474 -e30062 =-72.86131 ~3.6317%
L] 1 =8.33496 272383 =o31408 8671683 297073
[) 2 -9,22681 -o72389 -e31408 -86033957 =29707S
L] 3 =10.11067 “e72383 =s31408 «-85.8645) -2.9707S
[} L) ~11010%2 -oT2382 -231000 -8S.24812 =297079
[} S =11.90237 s 72399 -e31408 “34,01649 -29707S
[) [ =1277422 - T2308 931408 =83023355 =2.87073
[ 7 13,6607 o 72387 -s31408 «81.019%46 «2.970175
L) [ ] =18,57792 -« 72389 -e31408 =The29479 -2+97075
S 1 =10.37166 61294 =e31947 =87.640089 =2.51471
- 2 =1125041 =e6128¢ “a31947 «87.36948 =-2.,%14aM
S 3 =31.90913 -e61238 -+ 31947 -AT.0273S -2.951471
] L) «12.56786 -e 612908 -e31947 8658357 =2.951071
S -] «134226%- =a6128¢ -e31947 =0%9.9839% =2.51471
S [ =] 3082531 ~ef612084 -231947 -854123%62 -2.51471
S 7 =14,54403 "s61294 31947 =83.81540 =2.31471
] [ ] «1%5.20276 =a61280 -s31947 -01.53688 =2.3510T1
(o) Page 15
Figure 39. Continued
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 20. Abstract (continued)

of three store diameters away from the aircraft, is within ten percent of
experiment in the region of interest, which is the area under that portion of
+he fuselage occupied by the wing.
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